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in Great Britain; if these are returned immediately, 
it will normally be possible to incorporate correc- 
tions in the final proof. The method of correcting 
proofs given in B.S. 1219 or B.S. 1219C (obtainable 
from the British Standards Institution) is preferred. 
Papers should be headed by an informative title, 
by the names of the authors and by the name and 
address of the Laboratory where the work was 
performed. Female authors should use one given 
name and the surname, and male authors should 
use initials and surname only. Descriptive material 
about the author, e.g. Beit Memorial Fellow, or 
details of financial support, should appear as a 
footnote on the first page or, preferably, in the 
acknowledgements at the end of the paper. 
Typescripts should bear the name and address of 
the person to whom the proof of the paper is to be 
sent, and should give also a shortened version of the 
title, not exceeding forty-five letters and spaces in 
length, suitable for a running title in the published 
pages of the work. 

If a paper that has been returned to an author for 
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taining a significant amount of new material will 
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A paper should be written only when a piece 
of work is rounded off. Preliminary or abortive 
experiments should not be described. 

It would help the editors if the author, when 
submitting a paper which is part of a series, would 
enclose reprints of the immediately preceding parts. 


Form of papers submitted for publication. 
Papers should be in double-spaced typing on sheets 
of uniform size with wide margins. Top copies only 
should be submitted. The paper should be written in 
English. 

The onus of preparing a paper in a form suitable 
for sending to press lies in the first place with the 
author, who should first consult the detailed 
Suggestions to Authors, Chemical Nomenclature and 
Abbreviations, Symbols, Usages and Conventions. 
Authors should also refer to a current issue of 
the Journal in order to make themselves familiar 
with the typographical conventions, use of cross- 
headings, lay-out of tables, citation of references, 
etc. The need for editorial revision of a badly pre- 
pared typescript will lead to delay in publication. 
Papers on specialized subjects should be presented 
so that they are intelligible to the ordinary reader 
of the Journal. Sufficient information should be 
included to permit repetition of the experimental 
work. 


Generally, papers should be divided clearly into 
sections, as follows: (a) introduction, containing 
the reasons for doing the work; (b) Experimental 
methods: with chemical papers the experimental 
part may appear towards the end, but otherwise 
should follow the introduction; (c) Results: these 
should be given concisely; the use of both tables 
and figures to illustrate the same results will only 
rarely be permitted; only illustrative protocols 
should be included; (d) Discussion: it is desirable 
that the presentation of the results should be 
separated from the discussion of their significance; 
this section should be strictly limited to discussion, 
and should not recapitulate results ; (e) a Summary, 
about 3 % of the length of the paper: the paragraphs 
of the Summary should be numbered; (f) acknow- 
ledgements; (g) References. The arrangement 
suggested for sections (b)-(d) is not binding on 
authors; other ways of arrangement are sometimes 
more suitable. 

The Biochemical Journal uses as a standard for 
spelling the Concise Oaford Dictionary of Current 
English (Oxford: Clarendon Press). 


Illustrations. Diagrams that do not conform with 
the directions given in Notes on Preparation of 
Illustrations may have to be redrawn by the Press 
and the expense charged to the author. Legends and 
captions should be written so that the general 
meaning of each illustration can be understood 
without reference to the text, and so that the exact 
experimental conditions used to obtain the results 
illustrated are made clear. Illustrations requiring 
reproduction as half-tone plates should be avoided 
whenever possible. Photographs or drawings of 
paper chromatograms, particularly one-dimensional, 
are not generally published. 


Tables. Tables should have headings which make 
their general meaning comprehensible without 
reference to the text. Conditions specific to the 
particular experiment should be stated. Reference 
to the text for general experimental methods is 
permissible provided that there is no ambiguity. 
The units in which the results are expressed, e.g. 
g./100 ml., should be given at the top of each 
column, and not repeated on each line of the 
table. 

Tables should be typed on separate sheets and 
their approximate position in the text indicated. 
Words or numerals should be repeated on successive 
lines: ‘ditto’ or ‘,,’ are not to be used. 


Footnotes. These should be avoided in the text as 
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The Identification of Natural and Induced Bacterial Antibody 
with the Serum Components in Sheep 


By MARGARET E. MACKAY 
M.R.C. External Scientific Staff, The Lister Institute of Preventive Medicine, London, S.W.1 


(Received 13 December 1956) 


The association of antibody with y-globulins was 
first demonstrated electrophoretically in the serum 
of rabbits immunized with egg albumin; Tiselius & 
Kabat (1939) and Enders (1944) found antibodies 
against a wide range of virus, toxin and bacterial 
antigens in the y-globulin prepared from pooled 
human plasma by ethanol precipitation. 

Kekwick & Mackay (1954) used one of these 
antibodies, the Salmonella H agglutinin, as a means 
of testing the amount of y-globulin in human 
globulin mixtures during the development of a 
method of fractionation of human plasma in 
aqueous systems containing ether in which the 
y-globulins were concentrated in fraction G3. 
When the method was applied to the sera of other 
animals, it was found that although, as might be 
expected from the work of Gibson (1930), an 
agglutinin against one or more Salmonella was 
present in the pooled sera from most mammalian 
species, this agglutinin was not necessarily associ- 
ated with the fraction G3, as in human serum. 

In normal sheep serum the agglutinin was in the 
fraction G2, which was predominantly «- and p- 
globulins, and the fraction G3, predominantly y- 
globulin, had no detectable agglutinin (Mackay, 
1955). It was of some interest therefore to know 
whether the antibody produced by the injection of 
a bacterial antigen into sheep would be found in the 
same fraction as the natural agglutinin, and if this 
was not so, whether the natural agglutinin could 
be separated from the induced antibody by this 
method. The term natural agglutinin in this work is 
used for the agglutinin found ab initio in the sheep 
sera, and induced antibody the agglutinin produced 
by the injection of a bacterial vaccine. The author 
appreciates the fact that both agglutinins may have 
been formed as an immune response to antigens 
introduced by different routes. 

In the course of the work serum and serum 
fractions from normal sheep, as well as from sheep 
which had been immunized, were examined electro- 
phoretically. The natural agglutinin in serum and 
serum fractions of the immunized sheep was also 
assayed, to find out whether the injection of 
bacteria with an antigen different from that 
specific for the natural agglutinin had any effect 
on the serum titre of the natural agglutinin. 
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MATERIALS AND METHODS 


Mature March Clun sheep taken from the flock at the A.R.C. 
Institute of Animal Physiology, Babraham, were used in all 
the experiments. The three animals immunized were 
housed during and immediately after the injections, and the 
animal used in the long-term experiment was returned to the 
field 19 weeks after the last injection of antigen. The 
Sal lla vaccines were injected intravenously, and blood 
for serum samples was taken into dry bottles. The blood was 
allowed to clot at room temperature and sent to the Lister 
Institute, where the serum was separated. 

Bacterial vaccines. Strains of Salmonella used for testing, 
and bacterial vaccines, were supplied by Dr B. A. D. Stocker 
and were from his collection. The vaccines were broth 
cultures with 0-1% of formalin, and contained approxi- 
mately 6 x 108 organisms/ml. 

Strains SL162 which had the flagellar antigen b, and 
SL169 with the flagellar antigens 1, 2, 3, were used for 
immunization. The strain used to test the natural agglutinin 
had the flagellar antigen c. 

Titration of antibody. The flagellar antibody was titrated 
by the agglutination of a suspension of the relevant organism 
in 0-85 % NaCl containing 0-5% of formalin. The bacteria 
were grown on nutrient agar at 37° for 16 hr., washed off the 
agar with formol-saline and the suspension was diluted to 
an opacity corresponding to 10° organisms/ml. A series of 
twofold dilutions of the fraction or serum to be tested was 
made in 0-85% NaCl and an equal volume of bacterial 
suspension was added to each dilution. The mixtures were 
incubated for 2 hr. at 48°, and the initial end-point was 
taken as the highest dilution showing flocculation to the 
naked eye. Results are expressed as the reciprocal of this 
dilution. 

Electrophoretic measurements. Samples were dialysed to 
equilibrium at 2° against sodium and potassium phosphate 
buffer, pH 8, J 0-2. In the earlier experiments the examina- 
tions were carried out in the Tiselius (1937) apparatus for 
50 ma hr. In later experiments the duration of the run was 
extended to 60 ma hr. by the use of the cell with the long 
centre section (Longsworth, 1942). Optical observations by 
the diagonal-schlieren method (Philpot, 1938) were photo- 
graphically recorded with a light of 546 mp wavelength. The 
electrophoretic picture was analysed as previously de- 
scribed (Mackay, 1955), and the results are expressed as 
percentages of the total protein in a mixture attributable to 
any single component. The values quoted are the mean of 
the values obtained from simultaneous exposures of the 
ascending and descending limbs. 

In fractions containing several components, the identity 
of these was established by comparing mobilities with those 
of the components of the serum from which they were 
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Table 1. Agglutination of Salmonella strains by normal sheep serum 
Agglutinin titres: values given are the reciprocal of the highest serum dilution showing agglutination. 
Serum from sheep no. 
Flagellar A = 
antigen F70 F21 F20 F22 F57 F67 F6 F18 E108 E81 F3 
b 5 5 10 5 10 
c 40 40 80 40 80 40 160 80 80 40 40 
eh _ 5 10 5 5 _ 
ehx 5 10 20 20 20 5 20 40 5 5 — 
gm _ 5 _ 10 20 20 10 10 — _ 40 
gp _ 5 10 5 10 20 5 10 5 _ 10 
i 20 5 40 20 40 20 20 40 5 40 40 


derived. The mobilities were calculated from the positions 
of the maxima of the peaks of the individual components 
obtained in the geometrical analysis. 

Determination of pH. The pH values were determined with 
a MacInnes-type glass electrode, calibrated against a solu- 
tion containing 0-09M-KCl and 0-01M-HCl, which was 
assumed to be pH 2-1. Measurements were made at room 
temperature with a valve potentiometer, the accuracy being 
0-01 pH unit. 

Calculations of ionic strength. These were made as de- 
scribed by Kekwick & Mackay (1954). Volumes of water to 
be added were calculated from the known salt concentra- 
tions, the ionic strength effects of the protein being dis- 
regarded. 

Nitrogen determinations. The protein nitrogen was deter- 
mined by the micro-Kjeldahl technique; the results are 
expressed as mg. of N/ml. 

Cholesterol determinations. These were made by the 
method of Sperry & Brand (1943). Results are expressed as 
mg. of cholesterol/g. of N. 

Fractionation of sheep serum proteins. This was carried out 
by a modification of the method of Kekwick & Mackay 
(1954). Serum was roughly separated into globulins and 
albumin by the precipitation of the globulin (G1) at 
pH 5-5+0-02, J 0-037, with ether (18-5 vol. %) at —3-5°. 
The precipitate was dissolved in 40% of the serum volume 
of water and 60-70% of the serum volume of buffer, pH 4. 
The dissolved G1 was brought to a pH between 4-50 and 
4-60 to ensure complete solution. The pH of the G1 solution 
was then adjusted to 5-00 with buffer, pH 6, and the ionic 
strength to 0-01. This was done by adding a volume of water 
to a total volume equal to 2-5 times the volume of pH 4 
buffer added, plus 4-84 times the volume of pH 6 buffer 
added. The calculation of the total volume includes the 
volume of the G 1 solution, the volume of the pH 6 buffer and 
the amount of ether to be added to bring the ether concen- 
tration to 10 vol. % (v/v). The fraction G2 was precipitated 
at pH 5-00+0-02, J 0-01, with 10 vol. % of ether at 0°. The 
pH of the supernatant was brought to 6-70+0-02 with 
0-5m-NaHCO, and concentration of ether to 18-5 vol. % at 
—3-5° (fraction G3). 

The fractions G1s/p and AP were prepared as described 
in a previous paper (Mackay, 1955). All the precipitations 
were carried out in vessels suspended in a refrigerated bath, 
thermostatically controlled to +0-5°. The mixtures were 
allowed to come to equilibrium at the temperature of the 
precipitation, and the precipitates were removed by 
centrifuging at the temperature of the precipitation in a 


Table 2. Composition of normal sheep serum 
measured by electrophoresis 


First technique: duration of expt., 50 ma.hr.; second 
technique: duration of expt., 60 ma.hr. (see Methods). 


Percentage total protein 
A. 


Globulin 
First technique Albumin\-—-—~ 
E108 49 18 8 25 
E81 56 18 8 18 
F44 Ad 13 7 36 
F22 40 14 7 39 
F18 48 15 5 32 
F70 41 16 7 36. 
Second technique 
F70 49 7 10 8 26 
F67 47 7 10 6 30 
F21 51 6 8 a 28 


refrigerated bucket centrifuge, thermostatically controlled 
to +0-5°. The precipitates were dissolved in sodium- 
potassium phosphate buffer, pH 8-0, or in 0-85% sodium 
chloride solution, so that the total volumes were one-fifth to 
one-third of the original volume of serum. 

Buffers. (i) pH 4; 0-043 m-acetic acid, 0-007 M-Na,HPQ, ; 
(ii) pH 6; 0-023 m-acetic acid, 0-027M-Na,HPO9, ; (iii) pH 8, 
I 1-0; Na,HPO,,2H,O (58-054 g./l.), KH,PO, (2-981 g./l.), 
diluted to the ionic strength required. 

Ether. Anaesthetic-grade ether free from peroxide was 
used and stored in the dark at 4°. 


EXPERIMENTAL AND RESULTS 


Serum of normal sheep all had low titre agglutinins 
against a number of Salmonella flagellar antigens 
(Table 1). There were considerable differences in 
the electrophoretic compositions of the sera from 
individual animals (Table 2). Protein fractions 
prepared from the pooled serum of normal sheep 
were examined electrophoretically (Fig. 1) and the 
proportion of total nitrogen precipitated in the 
main fractions was estimated. From the electro- 
phoretic analysis of the fractions, and their nitrogen 
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Table 3. Electrophoretic analysis of sera taken during immunization of sheep E108 
with a Salmonella vaccine (flagellar antigen 1, 2, 3) 


NATURAL AND INDUCED AGGLUTININS IN SERUM 


Agglutinin titres given are the reciprocals of the highest dilution showing agglutination. c, Natural agglutinin; 1, 2, 3, 


induced agglutinin. 


Percentage total protein 


Time r 
after first Vol. 


Globulin Agglutinin titre 
A. A. 


injection injected r 
(days) (ml.) Albumin a- 
0 1 49 18 


5 
16 57 17 
8 


37 _ 56 18 


> 


“ 1,2,3 


gs 
o 


Cathode 


Serum 


Cathode Anode Cathode Anode 


G1s/p 


G3 

Fig. 1. Electrophoresis of fractions from normal sheep 
serum in the Tiselius (1937) apparatus; 50 ma.hr. at 0° 
in sodium and potassium phosphate buffer, pH 8, J 0-2. 


contents, the recovery of protein at different stages 
was estimated. A typical fractionation is shown in 
Table 9, and similar values were obtained with a 
normal serum as with the antiserum shown. 
Agglutinin titres of the fractions indicated that all 
the agglutinin was in the fraction G1, and sub- 
sequently in G2. There was none in G3. 
Examination of antisera. Two sheep, E81 and 
E108, whose serum had a natural agglutinin titre 
of 40 and 80 respectively against the flagellar 
antigen c, but less than 2 against antigen b or 
antigen 1, 2, 3, were immunized, sheep E81 with 


antigen b and E108 with antigen 1, 2 and 3. Four 
doses of 1, 5, 7 and 8ml. were injected intra- 
venously at approx. 7-day intervals, and then 
10 ml. was given intramuscularly 28 days after the 
last intravenous injection. A sample of 200 ml. of 
blood was taken before the first injection, a similar 
quantity 5 days after the last intravenous injection, 
and another 8 days after the intramuscular in- 
jection. In addition, 20 ml. samples were taken 
intermediately for electrophoretic examination and 
for antibody titration. Table 3 shows the electro- 
phoretic analyses of serum samples from E108 and 
the development of the antibody. Similar results 
were obtained with E81 immunized with the b 
antigen. In neither animal was the serum titre of 
the natural agglutinin altered. 

Samples of the serum from E108 before the 
injection of antigen and 33 days after the first 
intravenous injection were fractionated. The 
agglutinin titrations and the electrophoretic com- 
position of the fractions from E108 are shown in 
Table 4. and similar results were obtained with 
E81. The fractions were relatively constant in 
composition in the same animal, and were un- 
affected by immunization. In some sheep the 
y-globulins precipitated in fraction G 3 were complex 
and showed varying amounts of a component (y3) 
with a lower mobility than the main y-globulin 
component (2); see Table 5 and Fig. 1. The amount 
of the slower component bore no relation to the 
agglutinin titre of the serum. 

The natural agglutinin was found in fraction G2 
only, as in previous experiments, but the induced 
antibody was also in fraction G3, although the 
greater proportion of this antibody was in G2. 
Fraction G3 contained «-globulin which could be 
separated electrophoretically from y-globulin, and 
tests showed that the induced antibody was 
associated with the y-globulins. Because resolution 
of the components of G 2 was not possible by electro- 
phoresis, attempts were made to separate the two 
types of agglutinin by solvent fractionation. 
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Fractionation of G2. Previous experiments had 
indicated that the natural agglutinin was associated 
with «- and £-globulins (Mackay, 1955). Surgenor, 
Strong, Taylor, Gordon & Gibson (1949) had 
described a method for the precipitation of «- and 
B-lipoprotein at low pH and ionic strength, and it 
was possible that the proteins containing the natural 
agglutinin could be precipitated by these means. 

Fraction G1 from serum taken 50 days after the 
first injection of vaccine was brought to pH 5-00 
and I 0-01 at 0°. The precipitate was collected by 
centrifuging at 0° (fraction G2/1). The ether con- 
centration was brought to 10 vol. % and after 
equilibration at 0° a second fraction was collected 
(G2/2) and G3 was made from the supernatant. 
The protein content of the subfractions G2/1 and 
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G2/2 was found by nitrogen assay and the chol- 
esterol content and agglutinin titre were deter- 
mined; the fractions were also examined electro- 
phoretically (Table 6). 

Approximately half the protein nitrogen and 
most of the cholesterol were precipitated in G 2/1; 
the concentration of natural agglutinin in G2/1 
was double that in G2/2, whereas the immune 
antibody was more concentrated in G2/2. The 
fractions were similar electrophoretically in respect 
to a- and f-globulin, but the fraction G2/2 had 
a greater amount of a less-mobile component 
identified as y-globulin. The greater concentration 
of both y,-globulin and induced antibody in G2/2 
suggested that the induced antibody was associated 
with this component. 


Table 4. Comparison of fractions from serum from sheep E 108 before and 33 days 
after the initial antigen injection (flagellar antigen 1, 2, 3) 


Agglutinin titres given are the reciprocals of the highest dilution showing agglutination. c, Natural agglutinin; 1, 2, 3, 
induced agglutinin. Concentration factor: the concentration of the fraction by volume relative to the initial volume of 


serum fractionated. 


Percentage total protein 
AW 


Percentage Globulins Agglutinin titre 
initial N A Conen. A 
Fraction in fraction Albumin a- B- y- factor ce 1, 2,3 
Before immunization 
Serum 49 18 25 —_— 64 <2 
G2 12 4 59 22 15 4 320 — 
G3 2 10 _ 90 3 <2 — 
After immunization 
Serum — 55 18 6 21 — 80 3 200 
G2 12 2 53 29 16 5 320 25 600 
G3 ll 1 17 —- 83 5 <5 400 


Table 5. Electrophoretic distribution of sheep serum y-globulins precipitated in fraction G3 


No. of 
Sheep estimations 
F70 8 
E81 2 
E108 2 
B 2 
Cc 1 


Percentage total 
y-globulin in G3 


Ye 
86+2 14+5 
74 26 

100 0 
75 25 
77 23 


Table 6. Subfractionation of G2 from sheep serum by preliminary precipitation of lipoprotein. 


(Sheep E 108, # d with flagellar antigen 1, 2, 3.) 
Agglutinin titre given is the reciprocal of the highest dilution showing agglutination. c, Natural antibody; 1, 2, 3, 
induced antibody. 
Electrophoretic analysis 
Percentage (% total protein) 
initial 
serum Globulin Agglutinin titre 
Fraction fraction mg./g. of N Albumin p- y- 1, 2,3 
G2/1 5-6 455 57 32 160 3 200 
G2/2 58 47-6 3 50 27 20 80 12 800 
G3 12:1 60-2 1 21 a 78 <2 400 
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Further efforts were made to obtain a better 
separation of agglutinin by varying the pH of the 
G2/1 precipitation. Samples of G1 were titrated 
to pH 5:1, 5-2 and 5-5, and fractions G2/1, G2/2 
and G3 prepared. There was not sufficient material 
for electrophoresis, but the assay of agglutinin 
suggested that the pH of minimum solubility of the 
natural agglutinin was 5-1—5-2, and of the induced 
antibody 5-5. 

The titre of specific agglutinin caused by the 
immunization of sheep E 108 and E81 was maximal 
in the serum taken 16 days after the first injection of 
antigen, and then declined in later samples in spite 
of the continued injections. There was no change in 
the titre of natural agglutinin at any stage. In the 
immune serum, the natural antibody was all in 
the G2, but approximately 20% of the induced 
antibody was in G3, the remainder being in G2. 
Further fractionation of G2 suggested that the 
natural agglutinin had a lower isoelectric point 
and, like the lipoproteins, was insoluble at low 
ionic strength and ether concentrations. In the 
experiments on E108 and E81, the immune serum 
for fractionation was taken after the peak of the 
antibody level had been passed. There remained the 
possibility that at an earlier stage of immunity the 
distribution of agglutinin among the serum proteins 
might be different. Accordingly, antisera taken at 
an earlier stage and over a longer period were 
examined in greater detail. 


NATURAL AND INDUCED AGGLUTININS IN SERUM 


Location of antibody in serum at 
different stages of immunity 

One sheep (F70) was given six intravenous 
injections of vaccine SL 162, as shown in Table 7. 
Serum was collected for electrophoretic examina- 
tion and for fractionation 10, 19 and 28 days after 
the first injection of antigen, and thereafter at 
intervals up to 350 days. As in previous experi- 
ments, no change was observed in the electro- 
phoretic pattern or in the total protein nitrogen 
during the course of the immunization. Each serum 
sample was then fractionated. G1 was prepared at 
pH 5-5, I 0-037, with ether (18-5 vol. %) at —3-5°; 
G2/1 at pH 5-2, I 0-01, at 0°; G2/2 at pH 5-5, 
I 0-01, and ether (10 vol. %) at 0°; G3 at pH 6-7, 
ether (18-5 vol. %) at —3-5°. The fractions were 
dissolved in phosphate buffer, pH 8, and were three 
to four times as concentrated as the serum by 
volume. The percentage of the total protein pre- 
cipitated in the various fractions was estimated, 
and they were examined electrophoretically. 
Table 8 shows the mean values of eight such ex- 
aminations, and Table 9 the recovery as nitrogen 
of the electrophoretically characterized protein 
components of serum in the different fractions. The 
results of the agglutinin titrations are shown in 
Table 10. The distribution of antibody among the 
fractions varies significantly during immunization. 
As in the previous experiments, in most sera the 


Table 7. Electrophoresis of serum from sheep F 70 during immunization with Salmonella vaccine SL 162 


Agglutinin titre given is the reciprocal of the highest dilution showing agglutination. c, Natural agglutinin; b, induced 
agglutinin. Iniravenous injections of vaccine were given on 24, 27, 30 June, 4, 7, 11 July 1956. 


Serum Total Electrophoretic analysis (% total protein) 
sample serum A 
(days after _ protein Globulin Agglutinin titre 
first (mg. of r A 
injection) N/ml.) Albumin p- y- e b 
0 10-6 49 7 10 8 26 80 <5 
10 10-3 47 6 ll 9 27 80 1600 
19 10-0 46 8 12 6 28 80 3200 
28 10-1 46 8 12 9 25 80 3200 
45 10-6 51 6 12 7 24 80 3200 
110 12:3 41 5 10 10 34 80 640 
195 11-6 47 5 10 6 32 80 320 
350 12-6 50 6 10 5 29 80 160 
Table 8. Electrophoresis of sheep serum fractions after immunization 
Sheep F70. Mean values from 8 samples. For details of immunization see Table 7. 
Electrophoretic analysis (% total protein) 
Percentage r A 
initial Globulin 
serum 
Fracticn protein Albumin B- y- 
Serum 47-1434 6-2+1-8 10-9+0-8 75413 28-34 2-3 
G2/1 7741-4 45-449-7 41-144-7 13-5+2°8 
G2/2 8-0+1-8 441458 55-549-2 
G3 13-141-7 10-9+3-8 89-1410 
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Table 9. Recovery of protein of the electrophoretic components in fractions from the serum 
of an immunized sheep (F 70) 


Values were estimated from electrophoretic analyses and nitrogen assays of fractions. For details of immunization see 


Table 7. 
Fraction 
Electro- = 
phoretic Serum Gl Gl1s/ AP 
component (mg. of N) 

Albumin 420 43 33 211 
a-Globulin 162 } 138 { 21 27 
B-Globulin 66 6 2 
y-Globulin 235 215 —_ 17 
Total N 886 384 60 286 
% serum N — 43-4 6-8 32 


Fraction 
Percentage Percentage 

initial G2/1 G2/2 G3 initial 
serum N (mg. of N) GIN 

84 31 — ll 75 

98 9 43 108 74 

—_ 66 75 119 — 
82-3 17 19-5 31 67-5 


Table 10. Agglutinin titres of serum fractions from sheep F 70 after immunization 


Agglutinin titre given is the reciprocal of the highest dilution showing agglutination. c, Natural agglutinin; b, induced 
agglutinin. Concn. factor: this refers to fractions G2/1, G2/2 and G3 and is the volume concentration of the fraction 
relative to the initial serum volume. The fractions G1 were all diluted to a volume equal to that of the initial serum 


before the agglutinin titration, i.e. conen. factor =1. 


Agglutinin titre 
A 


| 
Fraction Serum Gl G2/1 G2/2 G3 
Time 
after first 
(days) e b e b c b c b c b factor 
0 80 <5 80 <5 160 <5 40 <5 <5 <5 3-1 
10 80 1600 80 1600 160 800 80 3200 <5 200 3-6 
19 80 3200 80 3200 160 1600 80 12800 <5 800 3-2 
28 80 3200 80 3200 160 800 80 3200 <5 800 3-2 
lll 80 640 80 640 320 640 80 320 <8 160 3-2 
195 80 320 80 320 160 320 40 640 <5 40 4-0 
350 80 160 80 160 160 160 80 320 <5 20 3-0 


natural agglutinin content of the G2/1 was double 
that of G2/2. As the induced agglutinin titre of the 
serum rose, the ratio of the induced agglutinin titre 
of fraction G2/2 to that of G2/1 rose to a value of 
four at the height of the immunity, and was paral- 
leled by the change in the ratio of the y,-globulin 
content of these fractions. As the serum titre of the 
induced agglutinin fell, the ratio of the titre of 
fraction G2/2 to that of G2/1 fell to two, but the 
ratio of the y-globulin content of these fractions 
remained unaltered. The proportion of induced 
antibody precipitated in G3 was maximal in the 
samples taken at 19 and 28 days after the first 
injection of antigen. During fractionation 25 % of 
the «- and £-globulins and 26 % of the y-globulins of 
G1 were lost, presumably in the G3 supernatant 
which was discarded (Table 9). 


DISCUSSION 


Experiments with the three sheep show that the 
flagellar agglutinin stimulated by the intravenous 
injection of a bacterial vaccine reached its maximum 
titre in the serum about 20 days after the initial 
injection of antigen. In two animals (E108 and 


E81) the antibody titre declined in spite of con- 
tinued immunization. The titre of the natural 
agglutinin was not enhanced by the injection of an 
organism with a different flagellar antigen. 

In normal sheep all the natural agglutinin was in 
fraction G 2; there was none in fraction G 3 (Mackay, 
1955). In serum fractions from immunized sheep, 
induced antibody, but never natural antibody, was 
found in G3. 

A modification of the fractionation technique, 
and the use of the Tiselius apparatus with the long 
centre-section cell allowed a more critical appraisal 
of the composition of the fractions, and revealed 
a substantial amount of y-globulin in G2. Although 
there was a considerable coprecipitation of B- and 
y-globulins at low ionic strength and low solvent 
concentration, the natural agglutinin appeared to 
have a minimum solubility at pH 5-1—5-2, and the 
induced agglutinin at pH 5-5. In the fractions 
G 2/1 and G 2/2 the induced agglutinin showed some 
correlation with the amount of y-globulin. It was 
not possible definitely to associate natural agglu- 
tinin with any component. As the fractions G1s/p 
and G3 both contained «-globulin, but no natural 
agglutinin, and as G3, which was substantially 
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y-globulin, contained only induced agglutinin, it 
was reasonable to assume that the natural agglu- 
tinin was associated with B-globulin. The complete 
separation of natural from induced agglutinin was 
not achieved, although in G3 a part of the induced 
antibody, free from natural antibody, could be 
isolated. 

The fractionation experiments suggest that in the 
serum from immunized sheep agglutinins are 
present in three electrophoretically distinct protein 
components. Immune agglutinin was found in 
yr globulin precipitated at pH 5-5, and in y,- 
globulin precipitated at pH 6-7, whereas the natural 
agglutinin was in the f-globulin. The separation of 
human and ox y-globulins into two components 
with different antibody properties has also been 
described by Deutsch, Alberty, Gosting & Williams 
(1947) and Hess & Deutsch (1949). 

There are various explanations for the associa- 
tion of the two types of antibody with different 
electrophoretic components, but there is no real 
proof. Kekwick & Record (1941) observed that the 
early reaction in horses to the intramuscular 
injection of diphtheria toxoid was the production 
of antibody in y-globulin and after prolonged im- 
munization in B-globulin. The antibodies which were 
separated electrophoretically showed qualitative 
differences, and electrophoresis of the whole serum 
showed an increase in the amount of £,- (or ,-) 
globulin. Sheep may behave in a similar manner, 
the immune antibody appearing first in y-globulin, 
and later in B-globulin. There was some evidence for 
this in the experiments on sheep F 70. The method 
of assaying agglutinin was not sufficiently accurate 
to allow a firm conclusion to be drawn with respect 
to the G2 fractions, but in sheep, as in horses, the 
first response was the appearance of agglutinin in 
y-globulin. As the titre of induced antibody waned 
the proportion of agglutinin in G3 also decreased, 
as well as the ratio of agglutinin in G2/2 to G2/1. 
The ratio of natural agglutinin in G2/1 and G2/2 
did not alter during the experimental period. It 
should be noted, however, that there was still some 
antibody in G3 12 months after the injection of 
antigen, when the serum titre had fallen almost to 
the level expected in a normal animal. 

An alternative explanation is suggested by the 
work of Treffers, Heidelberger & Freund (1947). 
The natural Salmonella agglutinin is presumably 
acquired as the result of an infection, and certainly 
not by intravenous injection, and the location of 
antibody may depend on the route by which the 
antigen is introduced. Treffers et al. studied the 
effects of subcutaneous and intravenous injection of 
protein antigens into horses and found that when 
the antiserum was fractionated with ammonium 
sulphate a small amount of the antibody produced 
by intravenous injection was in the fraction pre- 
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cipitated by 30 % saturation, and some in the water- 
insoluble part of the fraction precipitated between 
30 and 50 % saturation. The antibody produced by 
the subcutaneous injection was in the water-soluble 
part of the 30-50% saturation fraction. Treffers 
et al. did not examine their fractions electro- 
phoretically, but Cohn, McMeekin, Oncley, Newell 
& Hughes (1940), who examined the fractions 
precipitated from horse serum by increasing con- 
centrations of ammonium sulphate, showed that the 
fraction precipitated at 30 % saturation was mainly 
y-globulin, the water-insoluble part of the 30-50% 
saturation fraction was f- and y-globulin and the 
water-soluble part was «- and f-globulin. If a 
similar series of events takes place in sheep immun- 
ized with a bacterial vaccine, the agglutinin from 
the intravenous injection would be in the y,- 
globulin (the 30% saturation fraction) and in 
y-globulin (water-insoluble part of the 30-50% 
saturation fraction) and the natural agglutinin in 
B-globulin (the water-soluble part of the fraction 
precipitated at 30-50 % saturation). 


SUMMARY 


1. The electrophoretic pattern and natural 
agglutinin titre against a range of H antigens of 
Salmonella was determined in sera from one flock of 
sheep. 

2. The effects of the injection of a bacterial 
vaccine on the electrophoretic pattern of sheep 
serum during, and for 12 months after, immuniza- 
tion were studied and showed no characteristic 
change in pattern. 

3. An attempt was made to isolate the natural 
and induced antibodies by solvent fractionation. 
Natural antibody to certain Salmonella flagellar 


‘antigens were found in fraction G2, which was 


shown electrophoretically to consist of «-, B- and 
y:-globulins. They did not increase in amount 
during immunization with an unrelated Salmonella 
antigen. 

4. Induced antibody reached a maximum titre 
in serum 16-21 days after the first injection of 
antigen. Antibody, free from natural antibody, was 
present in the fraction G3, which was substantially 
y-globulin. In fraction G 2 it was mixed with natural 
antibody. The isoelectric points of the two anti- 
bodies appear to be different. 


The author would like to thank Dr A. E. Pierce and 
Mr E. J. H. Ford of the Institute of Animal Physiology, 
Babraham Hall, Cambridgeshire, who provided the sera 
from normal sheep and carried out the injection and collec- 
tion of blood samples from the immunized animals; 
Dr B. A. D. Stocker who provided the Salmonella strains and 
vaccines; and Mr H. Murray and Miss J. Sharrard for their 
technical assistance. * 
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The Formation of Complexes between Haemoglobins and 
Plasma Proteins in a Variety of Animals 


By CHI-CHIN LIANG 
Department of Physiology, University of Hong Kong 
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Heilmeyer (1933), who investigated by spectro- 
photometry the effect of adding alkaline haematin to 
serum, showed that there was a definite combination 
of the haematin and some protein constituents. 
Later Fairley & Bromfield (1934) and Fairley 
(1941a, b) identified methaemalbumin formed from 
the combination of haemoglobin released by the 
intravascular breakdown of erythrocytes and the 
albumin fraction of the plasma in man and monkey. 
This complex was not found in other animals. 
Clark, Harris & Rosenberg (1949) investigated the 
combination of mesohaem with a number of pro- 
teins. They found that a variety of proteins formed 
haemochromogens, including human serum albu- 
min, and showed that methaemalbumin is not a 
haemochromogen. Rosenfield & Surgenor (1949) 
have shown that haematin and serum albumin 
combine in the molar ratio 1:1 to form methaemal- 
bumin, but found no spectrophotometric evidence 
for the combination of haematin with other plasma 
proteins. Haem combines with denatured proteins 
in the molar ratio 1:2 to form haemochromogens, 
but does not combine with native proteins (Anson & 
Mirsky, 1928, 1934; Holden & Freeman, 1929). 
Haem combines with native globin to form a 
complex which resembles native haemoglobin in 
many respects (Anson & Mirsky, 1930, 1934; 
Jope, 1949). It differs from native haemoglobin in 
its spectral absorption in the near-ultraviolet 
region (Jope, 1949; Jope & O’Brien, 1949). Very 
little is known of complex formation between 
haemoglobins and other fractions of serum proteins 
in other vertebrate animals. 


Changes in electrophoretic mobility of proteins 
have been used widely to investigate their inter- 
actions with a number of large molecules, including 
other proteins. This paper describes the use of paper 
electrophoresis, supplemented by spectrophoto- 
metry, to reveal the formation of a family of com- 
plexes between haemoglobin and its derivatives 
and plasma proteins in a variety of animals: man, 
horse, ox, dog, pig, goat, rabbit, guinea pig, duck, 
turtle and frog. 


METHODS 


- Blood was collected by venepuncture or heart puncture into 


an oxalated tube and centrifuged at 2500 rev./min. for 
20 min. to separate the plasma. Haemoglobin was prepared 
from the sedimented erythrocytes by the method of 
Drabkin (1946) and diluted to a concentration of 40 mg./ml. 
with barbitone buffer (J 0-075; pH 8-6). From this solution, 
the following were prepared : (a) oxyhaemoglobin, by satura- 
tion with air; (b) reduced haemoglobin, by addition of a 
trace of sodium dithionite and subsequent storage under 
CO, ; (c) carbon monoxy haemoglobin, by saturation with 
coal gas; (d) methaemoglobin, by addition of a minimal 
amount of potassium ferricyanide and subsequent dialysis; 
(e) alkaline haematin, from purified ox haemin by the 
method of Fischer (1941). 

Paper electrophoresis was conducted under kerosene 
(b.p. 200-300°), with broad sheets of Whatman no. | filter 
paper and barbitone buffer (J 0-075; pH 8-6). The potential 
gradient was 5-7v/cm. A graded series of buffered mixtures 
of plasma and haemoglobin was prepared as shown in 
Table 1. Immediately after mixing each sample was ex- 
amined spectrophotometrically to confirm the exclusive 
presence of the appropriate haem—protein. Spots (0-005 ml.) 
of a series of dilutions of the mixture were applied at 15 mm. 
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Table 1. Scheme of mixing dilution series of haemoglobin—plasma—buffer 


Parts (by vol.) 
A 


Vol. 66 
Haemoglobin (40 mg./ml.) 0 1 
Barbitone buffer, pH 8-6; J 0-075 10 9 
Resultant haemoglobin concen. (mg./ml.) 0 2 


2 3 4 5 6 7 8 9 10 
8 7 6 5 4 3 2 1 0 
+ 6 8 10 12 14 16 18 20 


intervals along a pencilled line of origin on the paper. 
Equivalent volumes of untreated plasma were also applied 
to this line. Electrophoresis was conducted for 5 hr. at 24 
and 200v. 

Since they are not distinguished by the stains commonly 
used the plasma proteins and haemoglobin were estimated 
separately. The strip containing plasma alone was cut off 
and developed in bromophenol blue; the remaining strips 
were stained with benzidine reagent to reveal the haemo- 
globin-containing spots on the paper strip. 

Benzidine reagent. This was prepared from the following 
two solutions: (i) 1 g. of benzidine dissolved in 10 ml. of 
acetic acid and made up to 100 ml. with 95% ethanol. This 
may be stored in a dark glass bottle for not longer than 
1 month; (ii) 2 ml. of H,O, (30 vol.) was diluted with water 
to 100 ml. This deteriorated after 2 or 3 days. One volume of 
(i) was mixed with 6 vol. of (ii) immediately before use. 

The paper strip was dipped into the reagent for 20 sec., 
then washed in tap water acidified with a few drops of acetic 
acid for 20sec. It was then pressed between sheets of 
blotting-paper and dried at room temperature. Blue-green 
spots changed to greyish blue after 1-2 hr. and then the 
colour began to fade. Estimates were therefore made within 
1-2 hr. 

Semi-quantitative estimation of the haemoglobin spots 
was made either by scanning the strip with a densitometer 
or by elution of the spot with the buffer used for electro- 
phoresis and measurement of the absorption at 410 my. 

The unused portions of oxyhaemoglobin-plasma mixture 
were placed in stoppered tubes with a few drops of toluene 
and incubated at 37°. From time to time the pH and ab- 
sorption spectrum (700-320 my) of these portions were 
noted. Paper electrophoresis was carried out with specimens 
after incubation for both 4 and 24 hr. 

The following mixtures were examined in this way: 
(1) plasma plus haemoglobin of the same species; (2) plasma 
plus haemoglobin of different species; (3) plasma plus oxy- 
haemoglobin, reduced haemoglobin, carbon monoxy haemo- 
globin or methaemoglobin; (4) plasma plus haem or haem- 
atin. 

RESULTS 
Electrophoresis 


Since all patterns were obtained under identical 
conditions of voltage, ionic strength, pH and 
temperature, the mobility of all components may be 
compared directly by inspection of the distance of 
migration of the spots from the line of origin. 
Haemoglobin spots may be referred to the accom- 
panying strip of the plasma pattern. 

Fig. 1 shows that in all cases free haemoglobin 
appears as a single spot with almost the same 
mobility as B-globulin or fibrinogen, but when it is 


mixed with plasma from the same species the 
number of benzidine-staining spots and their 
mobilities are characteristic of the species, as 
shown in Table 2. 

The binding capacity of oxyhaemoglobin to the 
plasma components has been estimated by eluting 
each spot (a presumed spot) found by electrophoresis 
of a dilution series and estimating the amount of 
free and bound haemoglobin. The results, set out 
graphically in Fig. 2, show that a maximum amount 
of haemoglobin moves with each plasma protein, 
the amount varying with the particular protein 
and the species of animal. 

When haemoglobin is mixed with plasma from 
a different species, the pattern is characteristic of 
the animal from which the plasma is taken, differing 
only in that the free haemoglobin retains its own 
typical mobility. 

Mixtures of plasma with reduced haemoglobin, 
carbon monoxy haemoglobin or methaemoglobin 
show exactly the same patterns as oxyhaemoglobin, 
except that with methaemoglobin a greater pro- 
portion of it moves with the plasma components 
(see below). 

In the course of incubation experiments, the pH 
has been found to remain fairly constant. No haem 
or haemochromogen has been detected, but the 
quantity of methaemoglobin increases with time, 
and the electrophoretic patterns after 4 and 24 hr. 
approximate to that of methaemoglobin. 

When plasma is mixed with haem or haematin, 
a highly diffuse electrophoretic pattern without 
isolated spots is obtained and the free haem or 
haematin becomes adsorbed on to the paper. Only 
after long incubation does the typical haemo- 
chromogen spectrum begin to appear. 

Although the electrophoretic pattern of met- 
haemoglobin—plasma mixtures is almost the same 
as that of haemoglobin—plasma mixtures, there is 
some indication that methaemoglobin is carried 
with the plasma proteins in more definite propor- 
tions. An attempt has therefore been made to 
determine the molar ratios of methaemoglobin and 
specific plasma proteins for a variety of animals 
under the conditions described above. Plasma and 
methaemoglobin solution were mixed in the ratio 
2:1 (a considerable excess of methaemoglobin), and 
subjected to electrophoresis. At the conclusion of 
electrophoresis, the’ quantity of protein in each 
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1 
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3 
4 
5 
6 
c 
1 Name of electrophoretic fractions of 10 ie ** ; 
plasma 
(developed in BPB) é 
4 Plasma—Hb mixture (10:1) 
5 Plasma-Hb mixture (10:2) 13 = | 
8 Plasma-Hb mixture (10:5) Le 2 
9 Plasma-Hb mixture (10:6) » $3 3 
10 Plasma-Hb mixture (10:7) 
11 Plasma-Hb mixture (10:8) ~§ 4 4 
12 Plasma-Hb mixture (10:9) 2 
13 Haemoglobin 5 
6 bo “4 F 
wale} 
() (a) 
Alb. *2 A Alb. 1 4, 4 Alb. 
3 
4 
5 
6 fi 
9 e+ e 
I 
ee f 
§ 
= 1 
+ 
Fig. 1. (a) and (b), Electrophoretic patterns of plasma protein, 
plasma—haemoglobin mixtures arranged in serial dilutions ] 
2 (see Table 1) and of haemoglobin in a variety of animals: . 
= 5 en man, horse, ox, guinea pig, rabbit, duck, dog, pig, goat, j 1 
- - - ° turtle and frog. The strip of paper containing the plasma ‘ 
- : - alone is cut from the sheet after electrophoresis, stained in 
? sciliieas bromophenol blue and replaced as a protein marker on the 
- aad » top of each plate. See Key for meaning of nos. 1-13. 
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Fig. 2. Plots of free and bound haemoglobin eluted from the electrophoretic patterns of the serial plasma—haemoglobin 
mixtures in a variety of animals. Each point on the curves represents the amount of haemoglobin eluted from a spot 
on an electrophoretic pattern as in Fig. 1. O, Free haemoglobin; @, haemoglobin bound to «,-globulin (or plasma 


fibrinogen of ox); @, haemoglobin bound to albumin. 


Table 2. Relative mobilities of bonsidine- nennining spots after electrophoresis 


of homologous h l miatures 
Mobility of spot equivalent to 
No. of c A 
Animal spots Haemoglobin Fibrinogen a,-Globulin Albumin 
Goat, rabbit, guinea pig 1 + 
Ox 2 + + 
Horse, dog, pig, duck 2 + ° + ° 
Turtle 2 + F + 
Man, frog 3 + + + 


fraction was estimated by a micro-Kjeldahl method 
(Keys, 1940) and the maximum amount of met- 
haemoglobin to combine with each fraction was 
estimated by measuring the absorption at 410 my. 
Assuming the molecular weight of ferrous and ferric 
haemoglobins to be 68000, albumin 70 000, 
fibrinogen 330000 (Shulman, 1953), and «- 
globulin 150 000 (discussed below), the combining 
molar ratios of the complexes approximated to 1:1 
in many cases (Table 3). 


Spectrophotometry 

The nature of the combination between the 
haemoglobins and plasma proteins has been in- 
vestigated by examination of the absorption spec- 
trum of the substances eluted from regions corre- 
sponding to the benzidine-staining spots, after 
electrophoresis of mixtures of plasma and haemo- 
globins. A mixture containing excess of haemo- 
globin was applied as a strip to the line of origin of 
a wide sheet of filter paper. An identical amount of 
plasma (without haemoglobin) was applied to the 
line of origin of a similar sheet. Both sheets were 


subjected to electrophoresis as described pre- 
viously. At the end of electrophoresis, a longi- 
tudinal strip was cut from each sheet and developed 
to show the positions of the haemoglobin and plasma 
proteins. Cross strips were cut from each sheet to 
include each identified band, and these were eluted 
in the buffer used for electrophoresis. The continuous 
absorption curves of each specimen so prepared 
were traced over the range 700-320 mp (with a 
Beckman spectrophotometer, Model DU). 

Mixtures of haemoglobin and plasma, referred to 
above, which were incubated for 4 or 24 hr. before 
electrophoresis, were similarly treated and ex- 
amined. 

The absorption maxima in the visible region and 
the peak wavelengths in the near-ultraviolet region 
are listed in Table 4. It is found that the free 
haemoglobin spot has its own typical absorption 
bands in each region but that the absorption 
maxima of the complexes fall into two ranges in the 
near ultraviolet. With oxyhaemoglobin, reduced 
haemoglobin or carbon monoxy haemoglobin bound 
to either «,-globulin ‘or fibrinogen, the absorption 
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bands in the visible region are the same as for these 
haemoglobins in the free state. However, the Soret 
band is shifted to 410 my, being similar to that of 
recombined haemoglobin, where the shift has been 
taken to indicate partial denaturation due to 
standing at room temperature (Jope, 1949). It is 
not known whether such denaturation could 
weaken electrovalent links and hydrogen bonds so as 
to make possible the anchoring of specific plasma 
proteins. 

Where haemoglobins are bound to albumin, 
there is an absorption maximum at 625 mp and 
a Soret band at 400-3 mp. After electrophoresis of 
mixtures of methaemalbumin and plasma, the 
free haemoglobin has the typical absorption 
maxima at 631 and 406 my, but the «,-globulin- 
bound and fibrinogen-bound complexes have their 
Soret bands around 410 my, indicating that such 
binding promotes a change of the ferric haemo- 
globin to partially denatured ferrous haemoglobin. 
The albumin-bound complexes show absorption at 
625 and 400-3 my, which is characteristic of ferri- 
haemalbumin. 


DISCUSSION 


Ali of the complexes which have been examined in 
the course of this investigation have the same 
absorption maxima in the visible region and thus 
cannot be detected by ordinary spectroscopy. 

A feature of particular interest is that both 
ferrous and ferric haemoglobins have been found 
to be capable of forming complexes with some com- 
ponents of the plasma protein. The origin of the 
haemoglobin is unimportant since the specificity 
of the complexes resides in the proteins present in 
the plasma. Combination is made possible by 
partial denaturation of the haemoglobins or by 
complete oxidation to the ferric state, owing to the 
length of time during which the solutions remain at 
room temperature. Free-hanging-paper electro- 
phoresis has confirmed that the combination does 
not depend upon contact with the immersion fluid 
(kerosene). 

The fact that each plasma protein has a definite 
capacity for binding haemoglobin suggests a 
chemical attachment of the haemoglobin to that 
protein. Where an attempt has been made to 
determine the molar ratio of combination the result 
has not always been 1:1 but, apart from errors in 
determinations, this may be due to inexact estima- 
tion of molecular weight and to inhomogeneity of 
the protein fractions. As for «-globulin fractions, 
they embody a mixture of proteins, largely un- 
identified. This mixture could differ between 
species. But the «,-globulins generally appear quite 
rich in carbohydrate. They are glycoproteins and 
mucoproteins with molecular weights from 200 000 
to 300 000. The «,-globulin fraction is also rich in 


Table 3. Molar ratios of combination between plasma proteins and methaemoglobin 


The molarity of methaemoglobin is taken as unity. 
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Table 4. Absorption maxima and Soret bands (in mp) of haemoglobin, haemoglobin—plasma mixtvres 
and eluates of bound haemoglobins 
Animal 
Guinea 
Conditions of treatment Man Horse Ox Dog Pig Goat Rabbit pig Duck Turtle Frog 
Oxyhaemoglobin, freshly prepared 577-8 576-7 578-0 578-3 577-8 577-6 578-2 576-5 577-9 576-6 576-8 
540-3 542-0 540-0 540-8 539-8 540-0 541-3 543-5 542-2 5408 540-2 
414-5 414-5 4145 4145 4145 4145 4145 4145 4145 4145 414-5 
Oxyhaemoglobin, incubated 4 hr. 577-8 576-7 478-0 578-3 577-8 577-6 578-2 576-5 577-9 576-6 576-8 
540-3 542-0 540-0 540-8 5398 540-0 541-3 543-5 542-2 540-8 540-2 
412-5 412-5 412-5 412-5 412-4 413-8 413-4 4140 412-3 411-8 412-5 
Oxyhaemoglobin, incubated 24 hr. 631-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 630-8 631-0 
j 565-0 556-0 565-0 565-0 563-0 564-6 558-0 558-8 563-2 564-0 563-0 
406-0 406-0 405-6 406-0 406-0 405-5 405-6 406-0 406-6 405-8 406-0 
Oxyhaemoglobin—plasma mixture, 631-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 630-8 631-0 
incubated 4 hr. 577°8 576-7 578-0 578-3 577-8 577-6 578-2 576-5 577-9 576-6 576-8 
540-3 542-0 540-0 540-8 539-8 540-0 541-3 543-5 542-2 540-8 540-2 
410-0 410-0 409-7 410-2 410-0 413-8 413-4 414-0 409-5 410-3 410-0 
Oxyhaemoglobin- plasma mixture, 625-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 625-0 625-0 
incubated 24 hr. 400-3. 410-0 409-7 410-2 410-0 405-5 405-6 406-0 409-7 400-1 400-3 
i Oxyhaemoglobin, free oxyhaemo- 631-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 630-8 631-0 
globin spot, eluted 577-8 576-7 578-0 578-3 577-8 577-6 578-2 576-5 577-9 576-6 576-8 
540-3 542-0 540-0 540-8 539-8 540-0 541-3 543-5 542-2 540-8 540-2 
412-5 412-9 412-5 412-8 412-3 413-8 413-4 414-0 412-5 412-3 412-5 
Oxyhaemoglobin-«,-globulin 577-8 576-7 578-3. 577-8 577-9 576-8 
complex, eluted 540-3 542-0 540-8 539-8 542-2 540-2 
410-0 410-0 ‘ 410-2 410-0 409-7 410-0 
complex, eluted ‘ ; 540-0 
i Haemoglobin, freshly prepared 565-0 556-0 565-0 565-0 563-0 564-6 558-0 558-0 563-2 564-0 563-0 
425-0 423-8 424-5 425-0 423-5 423-5 424-0 424-8 423-8 424-5 424-5 
| Haemoglobin, free haemoglobin 631-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 630-8 631-0 
spot, eluted 406-0 406-0 405-6 406-0 406-0 405-5 405-6 406-0 406-6 405-8 406-0 
Haemoglobin-«,-globulin complex, 631-0 630-0 630-8 631-0 ‘ 631-3 631-0 
eluted 565-0 556-0 ‘ 565-0 563-0 563-2 563-0 
410-0 410-0 410-2 410-0 409-7 410-0 
Haemoglobin-fibrinogen complex, 631-0 
eluted 565-0 
Carbon monoxy haemoglobin, 570-5 570-3. 570-0 570-4 570-0 570-5 570-2 570-0 570-0 571-5 571-7 
freshly prepared 535-0 535-1 534-5 535-7 535-0 535-2 535-0 535-2 535-0 535°8 535-5 
419-0 419-5 419-5 420-0 419-8 419-2 420-0 419-8 419-5 420-2 420-0 
Carbon monoxy haemoglobin-albumin 625-0 ‘ ‘ 625-0 625-0 
Carbon monoxy haemoglobin—a,- 631-0 630-0 630-8 631-0 631-0 631-0 
globulin complex, eluted 565-0 556-0 410-2 410-0 4 409-7 410-0 
fibrinogen complex, eluted 565-0 


Methaemoglobin, freshly prepared 631-0 630-0 631-0 630-8 631-0 630-0 630-0 631-2 631-3 630-8 631-0 
406-0 406-0 405-6 406-0 406-0 405-5 405-6 406-0 406-6 405-8 406-0 


Methaemoglobin-albumin complex, 625-0 ‘ é ‘ 625-0 625-0 
631-0 630-0 . 6308 6310. 631-3 631-0 
complex, eluted 410-0 410-0 410-2 410-0 409-7 410-0 


‘ 

4q 

nk 

h 


558 


the copper-containing protein caeruloplasmin, with 
a molecular weight of 150 000. There is also some 
overlapping of the £,-globulin due to diffusion from 
the £,-globulin fraction, especially of the metal- 
binding protein with a molecular weight of 90000. 
For comparison, an arbitrary value of 150000 was 
chosen as the figure for the «,-globulins, being a 
value about mid-way between the proteins of high 
and low molecular weights. 

The fact that haemoglobins of very different 
origins have the same capacity for complex forma- 
tion makes it likely that it is the haem prosthetic 
group and not the protein moiety which is involved 
in the combination. The suggestion that the whole 
haemoglobin molecule, and not only the haem, 
becomes attached to the plasma fraction receives 
some support from the fact that haem or haematin 
alone forms no such complexes. 

Unlike Keilin (1944), who found the instant 
formation of haemochromogen upon mixing haem 
and albumin, I found no haem or haemochromogen, 
even after incubation. It therefore seems unlikely 
that haem is set free and later combines with the 
plasma protein. Nor has there occurred the com- 
plete denaturation of plasma proteins which is 
usually required before haem can form haemo- 
chromogen. It appears possible, then, that there is 
a binding, through the prosthetic group, of a 
partially denatured haemoglobin to some or all of 
the «,-globulin and fibrinogen of the plasma. 
O’Hagen (1955) found that in human ferrihaem- 
albumin the attachment to native serum albumin is 
through the haematin propionic acid groups and this 
may also be so for haemoglobin bound to turtle or 
frog albumin, since the Soret bands are the same. 
However, if whole haemoglobin is, in fact, bound to 
plasma protein, it remains to be explained why the 
electrophoretic mobility of the latter is unaltered. 
Much more work is needed to clear up these 
questions and to investigate a wider range or 
vertebrates. 

Results obtained raise the further question of a 
possible role of plasma proteins in the disposal of 
lysed haemoglobin in the blood of man and other 
vertebrates. Kench, Gardikas & Wilkinson (1950) 
have shown that methaemoglobin and methaem- 
albumin were as effective in forming bile pigment as 
was haemoglobin, and that all were more effective 
than was haematin, which issuggestive evidence that 
such complexes may play more than an accidental 
part in the metabolism of haemoglobin. 
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SUMMARY 


1. The formation of complexes between partially 
denatured ferrous and ferric haemoglobins and 
plasma proteins of a variety of vertebrate animals 
has been studied by immersed-paper electrophoresis 
and visible and ultraviolet spectrophotometry. 

2. Haemoglobin, irrespective of its origin, forms 
complexes with «,-globulin of horse, dog, pig and 
duck plasma; with fibrinogen of ox plasma; with 
albumin of turtle plasma; and with «,-globulin and 
albumin of human and frog plasma. No such 
complexes are formed with the plasma proteins of 
goat, rabbit or guinea pig. 

3. These complexes are not haemochromogens 
but may be partially denatured haemoglobins bound 
by the prosthetic group to specific plasma proteins 
which act as vehicles. 


This study was aided by a grant from the Research 
Grants Committee of the University of Hong Kong. 
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The Degradation of Glycine by Pseudomonas aeruginosa 


By U. BACHRACH 
Department of Clinical Microbiology, Hebrew University-Hadassah Medical School, Jerusalem, Israel 


(Received 12 November 1956) 


The breakdown of glycine by washed cells of 
Proteus and Pseudomonas aeruginosa has been 
described by Bernheim, Bernheim & Webster 
(1935). Janke & Tayenthal (1937) found that 
glyoxylic acid was an intermediate in the oxidation 
of glycine. It has been established that formalde- 
hyde is an intermediate in the oxidation of glycine 
by aspecies of Achromobacter (Paretsky & Werkman, 
1950). Campbell (1955) studied the degradation of 
glycine by cell-free preparations of a pseudomonas 
isolated from mud. He found that this amino acid 
was completely oxidized via glyoxylic and formic 
acids. 

The present work deals with the mechanism of 
glycine degradation by washed and dried cells of Ps. 
aeruginosa. 


MATERIALS AND METHODS 


Organism. A laboratory strain of Ps. aeruginosa strain 18 
was grown in the following medium: glycine 5 g., brain— 
heart infusion (Difco) 37 g., Bacto agar 15 g., water 11.; 
final pH 7:4. After incubation at 37° for 20 hr., the cells 
were harvested, washed three times with 0:85% NaCl 
solution and kepi at — 5° until used. 

Reagents. Glycine, methylamine hydrochloride and 
potassium hypophosphite were products of British Drug 
Houses Ltd. (Poole, England). Glyoxylic acid was obtained 
from L. Light and Co. Ltd. (Colnbrook, Bucks, England). 
Sarcosine hydrochloride, betaine hydrochloride, hippuric 
acid and pyridoxal hydrochloride were products of Nutri- 
tional Biochemical Corp. (Cleveland 28, Ohio, U.S.A.). 
«-Oxoglutaric acid was obtained from Hopkin and Williams 
(Chadwell Heath, Essex, England). Glutathione and 
adenosine triphosphate (ATP) were from Roche (Basle, 
Switzerland). 

Analytical methods. Glycine and other amino acids were 
identified by paper chromatography with ethanol-ammonia 
(95 ml. of 95 % ethanol: 5 ml. of conen. aq. as solvent. 
Paper chromatography was also used for the quantitative 
estimation of amino acids (Giri, Radhakrishnan & Vaidy- 
anathan, 1952). Glyoxylate was identified by conversion 
into the 2:4-dinitrophenylhydrazone, which was then 
separated by paper chromatography as described by Block, 
Durrum & Zweig (1955). Glyoxylate was quantitatively 
estimated by the colorimetric method of Franke, Taha & 
Krieg (1952). Citric acid was estimated by the colorimetric 
method of Taylor (1953). Oxygen uptake and carbon 
dioxide evolution were determined by the conventional 
Warburg manometric technique. Ammonia was determined 
by the method described by Markham (1942). 


Enzyme preparation. Dried cell preparations were ob- 
tained by drying the cells over phosphorus pentoxide at 
0-3 mm. Hg for approx. 5 hr. Cell-free extracts were pre- 
pared by subjecting cell suspensions to the action of a 9 ke. 
Raytheon sonic oscillator for 20 min., and centrifuging for 
20 min. at 11 000 rev./min. in a High Speed Angle Centrifuge 
(Measuring and Scientific Equipment Ltd. London). 


RESULTS 
Degradation of glycine by washed cell suspensions 

Glycine was oxidized by washed cells of Ps. aeru- 
ginosa 18, the optimum pH being 7-8 (Fig. 1). The 
oxidation of glycine was complete, and 2-0 moles of 
carbon dioxide were produced and 1-5 moles of 
oxygen taken up for each mole of glycine which 
disappeared. Ammonia (1 mole) was liberated at 
the same time (Table 1). Glyoxylic acid was also 
completely oxidized by cells grown on glycine. 
Betaine and sarcosine, which are methylated 
glycine derivatives, were oxidized after a lag period 
by cells grown on glycine, but methylamine and 
hippuric acid were not oxidized (Table 1). 


Degradation of glycine by dried cells and 
cell-free preparations 
Formation of glyoxylate. Cell-free preparations 
failed to oxidize glycine, and dried cells oxidized it 
to a small extent only. The oxidation of glutamate 


Qo, 


6 7 8 
pH 
Fig. 1. Effect of pH on the oxidation of glycine by washed 
cells of Pseudomonas aeruginosa 18. Each Warburg 
vessel contained 5yumoles of glycine, 1-0 ml. of cell 
suspension (approx. 10 mg. dry wt.) and 1-0 ml. of tris 
buffer. In the centre well was 0-2 ml. of 10% (w/v) KOH; 
total vol. 3-2 ml. Incubation was carried out in air at 30°. 
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Table 1. Oxidation of glycine and related compounds by washed cells of Pseudomonas aeruginosa 18 


Each Warburg vessel contained 0-5 ml. of substrate, 1-0 ml. of cell suspension (approx. 10 mg. dry wt.) and 1-0 ml. of 
0-2 M-2-amino-2-hydroxymethylpropane-1:3-diol (tris) buffer, pH 7-9. In O, uptake experiments, 0-2 ml. of 10% (w/v) 
KOH was in the centre well; in CO, evolution experiments, 0-2 ml. of 2N-HCl was tipped in from the side arm, and 0-2 ml, 
of water was in the centre well; total vol., 3-2 ml. Incubation was carried out in air at 30° for 90 min. with glycine and 
glyoxylate and for 240 min. with other substrates. Values have been corrected for endogenous activity. All results are 


expressed as pmoles. 

Amount of substrate 
Glycine 2-8 
Glyoxylic acid 4-0 
Betaine hydrochloride 5-0 
Sarcosine hydrochloride 5-0 
Hippuric acid 5-0 
Methylamine hydrochloride 5-0 


O, uptake CO, evolution NH, formation 
4-25 5-6 2-85 
3-85 8-1 0 
4-65 
3-30 
0 0 0 
0 0 0 


Table 2. Transamination of glycine by preparations 
of Pseudomonas aeruginosa 18 


Each Warburg vessel contained 20ymoles of glycine, 
20pumoles of «-oxoglutarate, 20ug. of pyridoxal hydro- 
chloride, 1-0umole of ATP, 1-0 ml. of 0-067M-phosphate 
buffer, pH 7-8, and 1-0 ml. of suspension of dried cells 
(40 mg.) or 1-0 ml. of cell-free preparation. Total vol., 
2-6 ml. Incubated for 60 min. in H, at 30°. Recovery is 
100 x total amount of amino acids (ymoles) at the end of 
experiment/initial amount of glycine (20 pmoles). 


Glycine Glutamic 
left acid formed Recovery 
(umoles) (ymoles) (%) 
Dried cells 10-8 9-8 103 
Cell-free preparation 16-2 4-0 101 


Table 3. Disappearance of glyoxylic acid incubated 
with dried cells of Pseudomonas aeruginosa 18 


Each flask contained 10 pmoles of glyoxylic acid, 50 mg. 
of dried cells, 1-0 ml. of tris buffer, pH 7-9, and 50 wmoles of 
succinic acid when present. The cofactors glutathione 
(10 moles) and MgSO, (10umoles) were added as indi- 
cated. Total vol., 4.9ml. Atmosphere, air, temp. 30°; 
values are expressed as the percentage of glyoxylic acid 
disappearing on incubation with glyoxylic acid alone or with 
the mixtures indicated. 
Time of 


Glyoxylic Glyoxylic and 


incubation Glyoxylic and succinic succinic acids 
(min.) acid only acids and cofactors 
60 39 54 70 
150 59 76 90 
180 65 83 94 


by dried cells was faster. The addition of «-oxo- 
glutarate, pyridoxal hydrochloride and ATP en- 
hanced the disappearance of glycine; glutamate 
was formed even under anaerobic conditions 
(Table 2). The glyoxylate formed was identified by 
paper chromatography. The reverse reaction, i.e. 
the formation of glycine from glyoxylate and 
glutamate by dried cells or cell-free preparations of 
Ps. aeruginosa 18, was also demonstrated. 

Oxidation of glyoxylate. As shown in Table 1, 


glyoxylate was completely oxidized by washed cells 
of Ps. aeruginosa 18. Dried cells oxidized glyoxylate 
slowly. The oxidation of glyoxylate by cell-free 
extracts was very slow, whereas succinate and 
citrate were oxidized at a faster rate. Glyoxylate, 
when incubated with dried or washed cells under 
anaerobic conditions or in the presence of cyanide, 
was partly metabolized. This observation suggested 
the presence of a mechanism other than direct 
oxidation for the metabolism of glyoxylate. 

It may be seen from Table 3 that the disappear- 
ance of glyoxylic acid was markedly enhanced b: 
the addition of succinate, Mg?+ and glutathione. 
Citrate was formed when the experiment was 
carried out under anaerobic conditions. The reverse 
reaction, i.e. the formation of glyoxylate from 
citrate, was also demonstrated. 

The oxidation of glycine by dried cells was also 
enhanced in the presence of Mg?+ ions and gluta- 
thione. 


Effect of various factors on the oxidation of 
glycine by washed cells 

isoNicotinic acid hydrazide (isoniazid) reacts 
with pyridoxal phosphate and may therefore be 
used to detect the participation of this coenzyme in 
biological systems (Davison, 1956). Table 4 shows 
that isoniazid added to washed cells of Ps. aeruginosa 
18 inhibited the degradation of glycine as measured 
by oxygen uptake. 

The use of ‘aged’ cells presents another possi- 
bility for demonstrating the participation of 
pyridoxal in the oxidation of glycine. Table 4 shows 
that the activity of old cells was low. Some reacti- 
vation was obtained by the addition of ATP and 
pyridoxal hydrochloride. 

Iodoacetate inhibited the oxidation of glycine 
(Table 4). The addition of potassium hypophosphite 
had no effect on the oxidation of glycine or glyoxyl- 
ate by washed cells of Ps. aeruginosa 18. 

Pre-incubation of the cells with potassium hypo- 
phosphite had no effect. On the other hand, the 
oxidation of formate was inhibited under similar 
conditions. 
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Table 4. Effect of various factors on the oxidation of 
glycine by washed cells of Pseudomonas aeru- 
ginosa 18 


Each Warburg vessel contained 5ymoles of glycine; 
cells for ‘aging’ were kept at 0° for 15 days; other conditions 


as given in Table 1. 
Inhibition or 


O, uptake —_ activation 
(ul./90 min.) (%) 
Glycine 103 
Glycine and isoniazid 42 -59 
(300 yg./ml.) 
Glycine 93 
Glycine and iodoacetate 54 -42 
(5 mM) 
Glycine 93 
Glycine and potassium 90 -3 
hypophosphite (5 mm) 
Glycine (‘aged’ cells) 27 — 
Glycine and ATP (2 umoles) 43 +60 
and pyridoxal hydrochloride 
(60 ug.) (‘aged’ cells) 
DISCUSSION 


Glycine is oxidized to glyoxylate in animal tissues 
by glycine oxidase (Ratner, Nocito & Green, 1944). 
This enzyme has a low activity and its function in 
biological systems has been doubted (cf. Greenberg, 
1954). The conversion of glycine into glyoxylate by 
bacteria has been demonstrated by Janke & 
Tayenthal (1937). Stumpf & Green (1944) found 
that cells of Proteus vulgaris lost their ability to 
oxidize glycine after being kept at 0° for 14 days; 
they could not obtain a cell-free preparation 
capable of oxidizing glycine. 

The results presented here show that the forma- 
tion of glyoxylate from glycine by dried cells and by 
cell-free preparations is due to a transamination 
process. It is suggested that transamination, a 
process which requires pyridoxal phosphate, is the 
only mechanism for the degradation of glycine by 
Ps. aeruginosa 18. This view is supported by the 
fact that the oxidation of glycine by washed cells 
was inhibited by isoniazid, which is known to 
inactivate pyridoxal phosphate (Davison, 1956). 
‘Aged’ cells which had lost most of their activity 
were somewhat reactivated by the addition of 
pyridoxal hydrochloride and ATP, which pre- 
sumably formed the coenzyme pyridoxal phosphate 
(Gunsalus, Bellamy & Umbreit, 1944). 

According to Campbell (1955) glyoxylate is 
oxidized to formate. The mechanism proposed by 
him did not operate with Ps. aeruginosa 18, since 
potassium hypophosphite, which is known to 
inhibit the oxidation of formate, had no effect on 
the oxidation of glycine, and iodoacetate was 
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inhibitory. In our experiments, when glyoxylate 
was metabolized under anaerobic conditions, 
citrate and not formate was produced. It seems 
therefore that the isocitratase pathway which is 
known to occur with Ps. aeruginosa was involved. 
The enhancing effect of Mg?*+ ions, glutathione and 
succinate corroborates this suggestion. Under 
aerobic conditions citrate was further oxidized. 

The methylated derivatives of glycine were 
metabolized by washed cells of Ps. aeruginosa 18, 
whereas methylamine and hippuric acid were not 
oxidized. 


SUMMARY 


1. Glycine and glyoxylic acid were completely 
oxidized by washed cells of Pseudomonas aeruginosa 
strain 18. 

2. Isoniazid inhibited the oxidation of glycine. 
The low activity of ‘aged’ cells was increased by the 
addition of adenosine triphosphate and pyridoxal. 

3. Glycine was metabolized very slowly by 
dried cells and not at all by cell-free preparations. 
In the presence of «-oxoglutaric acid, adenosine 
triphosphate and pyridoxal, glycine was readily 
converted into glyoxylic acid. 

4. Glyoxylic acid was metabolized by cell-free 
preparations or by dried cells in the presence of 
succinic acid, Mg?*+ ions and glutathione. 

5. It is suggested that glycine is converted into 
glyoxylic acid by transamination, and that the 
glyoxylic acid formed is further metabolized by the 
isocitratase pathway. 
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The Isolation of D-glycero-p-galactoHeptose and other Sugar Components 
from the Specific Polysaccharide of Chromobacterium violaceum (BN) 


By A. P. MACLENNAN anp D. A. L. DAVIES 
Microbiological Research Establishment, Porton, Wilts 


(Received 30 January 1957) 


Although ketoheptose sugars are known to occur in 
Nature both free (La Forge, 1916-17; La Forge 
& Hudson, 1917) and in phosphorylated form 
(Robison, Macfarlane & Tazelaar, 1938; Benson, 
Bassham & Calvin, 1951; Horecker & Smyrniotis, 
1952; Buchanan, 1953), it is only in very recent 
years that aldoheptose sugars have been detected 
in natural products. The aldoheptoses have been 
found, up to the present time, only as constituents 
of polysaccharides extracted from Gram-negative 
bacteria. 

From a strain of Shigella sonnei, Jesaitis & 
Goebel (1952) isolated a polysaccharide which 
they showed to contain glucose, galactose, glucos- 
amine and an aldoheptose. This heptose was not 
identified but its behaviour on paper chromato- 
grams was similar to that of D-gala-L-manno- 
heptose (D-glycero-L-mannoheptose). The specific 
polysaccharide of a strain of Shigella flexneri was 
described by Slein & Schnell (1953); this contained 
glucose, rhamnose, glucosamine and phosphoryl- 
ated sugars, one of which was an aldoheptose. 
Derivatives of this heptose had very similar pro- 
perties to those of D-gala-L-mannoheptose but the 
melting points of mercaptals and hexa-acetyl- 
mercaptals were lowered in the presence of the 
corresponding products of authentic p-gala-L- 
mannoheptose. It was considered that the sugar 
was probably the optical enantiomorph, t-gala-p- 
mannoheptose (L-glycero-D-mannoheptose). Chro- 
matographic evidence for the occurrence of aldo- 
heptose sugars in Escherichia coli polysaccharides 
has been presented by Weidel, Koch & Bobosch 
(1954) and Fromme, Liideritz & Westphal (1954). 
The somatic antigen of Shigella dysenteriae has been 
reported to contain a similar sugar (Davies, Morgan 
& Record, 1955). From £. coli cell walls, Weidel 
(1955) has isolated and unequivocally identified 
L-glycero-D-mannoheptose. 

In addition to their occurrence in the Entero- 
bacteriaceae aldoheptoses have been found in 
organisms of the genera Pasteurella and Bordetella. 
The ‘rough’ somatic polysaccharide of Pasteurella 
pestis is composed largely of an aldoheptose sugar ; 
glucose and glucosamine are present in smaller 
amounts (Davies, 1956). All serological groups of 
Pasteurella pseudotuberculosis (Thal, 1954) are 


characterized by somatic antigens which contain the 
same heptose as that found in P. pestis (Davies, 
1957a) and strains of Bordetella bronchiseptica also 
possess a common specific polysaccharide con- 
taining heptose (MacLennan, 1957). 

In the course of examining the composition of 
polysaccharides obtained from a range of Gram- 
negative bacteria, aldoheptoses were detected in 
three strains of Chromobacterium violaceum (Davies, 
1955). In two of these strains the sugar seemed 
likely to be p-glycero-p-galactoheptose, but only 
chromatographic evidence was presented. 

With the exception of L-glycero-D-mannoheptose, 
isolated and identified by Weidel (1955), the 
identity of the various bacterial aldoheptoses 
remains uncertain. The heptose sugar component of 
the somatic antigen of C. violaceum (BN) was there- 
fore chosen for isolation and the results are described 
in this paper. A preliminary report has already 
appeared (MacLennan & Davies, 1956). 


MATERIALS AND METHODS 


Bacteria. Chromobacterium violaceum (BN) was isolated 
from a fatal human infection by this organism in Malaya 
(Sneath, Whelan, Singh & Edwards, 1953; Sneath, 1956). 

Materials for analysis. Samples for analysis were 
thoroughly dialysed against distilled water at 0-2° and 
dried from the frozen state. They were further dried to 
constant weight in vacuo at 78°. 

Total nitrogen. The Kjeldahl method was used with the 
distillation apparatus of Markham (1942) and the mixed 
bromocresol green—methyl red indicator of Ma & Zuazaga 
(1942). 

Phosphorus. Determinations were made on samples 
containing 5-20 yg. of P by a modification of the method of 
Fiske & Subbarow (1925). 

Sugars. Estimations were carried out by the following 
methods: hexosamine, Elson & Morgan (1933); N-acetyl- 
hexosamine, Morgan & Elson (1934); methyl pentose, 
Dische & Shettles (1948); heptose, Dische (1953); total 
reducing sugars, Somogyi (1937). 


EXPERIMENTAL AND RESULTS 


Growth and recovery of organisms 


C. violaceum (BN) was grown on peptone-agar in 
enamelled-steel trays each containing 500 ml. of medium. 
After growth at 37° for 22 hr. the bacteria were harvested by 
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suction, filtered through glass wool and washed once with 
saline at 0-2°. The centrifuged cells were resuspended in 
water and killed by pouring the suspension into 10 vol. of 
acetone at — 15°. After checking for sterility and purity the 
cells were washed several times with dry acetone at - 15°, 
collected by centrifuging and dried in vacuo over H,SO,. 
The yield of cells from 200 trays was 40 g. (dry wt.). 


Preparation of the somatic antigen 


Acetone-dried bacteria (40 g.) were suspended in water 
(800 ml.) at 0-2° and an equal volume of cold n-trichloro- 
acetic acid was added (Boivin, Mesrobeanu & Mesrobeanu, 
1933). After stirring the mixture for 3 hr., in the cold, the 
cells were removed by centrifuging at 18000 g. The super- 
natant fluid was dialysed against distilled water until 
largely free of acid, and concentrated at reduced pressure 
(16°) to about 1% (w/v) of total solid material. The extract 
was then fractionated with ethanol at 0-2°. The addition of 
25 vol. of ethanol brought down a precipitate, which was 
recovered by centrifuging, potassium acetate being added to 
assist flocculation. From the supernatant solution a small 
amount of material was obtained by the addition of a 
further 7-5 vol. of ethanol; this was largely polyglucose, 
probably from inside the bacterial cells. The precipitate 
with 2-5 vol. of ethanol was redissolved in water and re- 
precipitated twice at the same ethanol concentration, re- 
dissolved in water, dialysed and freeze-dried. The product 
weighed 2-58 g. and contained 5-8 % of N and 0-2 % of P. 


Degradation of the antigenic complex 

The somatic antigenic complex, which consisted of poly- 
saccharide—lipid—protein (2-3 g.), was dissolved in 1% (v/v) 
acetic acid (200 ml.) and heated at 100° for 3 hr. in an 
atmosphere of N,. The insoluble lipoprotein thus liberated 
(Morgan & Partridge, 1940; Davies & Morgan, 1953) was 
recovered by filtration, dissolved in 0-1N-NaOH, repre- 
cipitated by the addition of dilute HCl to pH 4 and the pre- 
cipitate washed twice with cold water and dried from the 
frozen state. This fraction weighed 630 mg. and contained 
of N and of P. 

The acetic acid supernatant solution was concentrated 
under reduced pressure (16°) to about 60 ml. and poured 
into 600 ml. of cold ethanol containing a little potassium 
acetate. The flocculent precipitate thus obtained was re- 
dissolved in and thoroughly dialysed against distilled water, 
and the aqueous solution centrifuged at 105 000 g for 2 hr.; 
the small amount of material sedimented was discarded. 
The material recovered from the supernatant fluid by 
freeze-drying did not give a clear solution on redissolving in 
water, but appeared to retain some lipoprotein which had 
now become insoluble as a result of freeze-drying. Centri- 
fuging for a further 2 hr. period at 105000 g after adjust- 
ment to pH 4 with dilute HCl gave a small amount of 
sediment, which was discarded. The supernatant solution 
was poured into 10 vol. of cold ethanol and the precipitated 
polysaccharide redissolved in water, dialysed and freeze- 
dried. This degraded polysaccharide weighed 980 mg. and 
contained 3-7 % of N and less than 0-1 % of P. 


Composition of the degraded polysaccharide 
Course of acid hydrolysis. Samples of polysac- 


charide (2 mg.) were hydrolysed at 100° in sealed 
ampoules with 0-5N-HCl in a volume of 1 ml.; 
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pairs of ampoules were removed from the water 
bath at various times for the estimation of hexos- 
amine and of total reducing sugars released. The 
hydrolysis curves constructed from these data are 
illustrated in Fig. 1. The total reduction, measured 
as glucose, reached a value of about 50% after 
12 hr. Estimations of hexosamine showed this to 
represent about 12% of the weight of the polysac- 
charide. It is clear that the hexosamine did not 
account for all of the N present in the preparation, 
but it was thought that small amounts of other 
nitrogenous materials, such as peptides, would not 
interfere with the isolation of the neutral sugars. 
Chromatographic examination of acid hydrolysates. 
Polysaccharide samples (10 mg.) were hydrolysed 
with 0-5N-H,SO, for 16hr. at 100° in sealed 
ampoules and the hydrolysates neutralized with 
Ba(OH),. After removal of BaSO,, the salt-free 
solutions were evaporated to dryness under reduced 
pressure and redissolved at approx. 5% (w/v) in 
water for application to paper chromatograms. 
Whatman no. 1 paper was used with the following 
solvent systems: butanol—pyridine—water (6:4:3, 
by vol.), butanol—acetic acid (4:1, v/v) and phenol— 
aq. NH; soln. With anisidine hydrochloride (Hough, 
Jones & Wadman, 1950) or ammoniacal AgNO, as 
spray reagent, only three major sugar components 
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Fig. 1. Hydrolysis curves of C. violacewm (BN) degraded 
polysaccharide (0-5n-HCl] at 100°). ©, Glucosamine 
released (duplicate points, not distinguishable); A, free 
reducing sugars, estimated as glucose. 
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were found for each solvent system. These seemed 
likely to be glucosamine, rhamnose and an aldo- 
heptose. The last-named component had a smaller 
R value than any aldohexose sugar and gave a 
grey-green colour reaction with the anisidine spray 
reagent, which is characteristic of aldoheptose 
sugars. The reducing sugar in the position for 
glucosamine was shown on separate papers to react 
both with ninhydrin and with Ehrlich’s reagent 
(Partridge, 1948). No evidence for the presence of 
ketoheptose could be obtained by spraying chro- 
matograms with the orcinol reagent of Bevenue & 
Williams (1951). 

As it was intended to separate the aldoheptose 
from rhamnose by using a column of powdered 
cellulose, further solvent systems were examined 
with paper chromatograms in order to obtain the 
greatest possible separation of these two sugars. 
The best results were found with 95% (v/v) aq. 
acetone, a solvent previously used successfully by 
Hough, Jones & Wadman (1949) for the separation 
of some mixtures of sugars. 

Estimation of aldoheptose and rhamnose. In 
addition to 12% of glucosamine (Fig. 1) the de- 
graded polysaccharide was found to contain 15 % of 
rhamnose (Dische & Shettles, 1948) and 26% of 
aldoheptose (Dische, 1953), measured against 
standards of authentic L-rhamnose and p-glycero-p- 
galactoheptose respectively. 


Hydrolysis of the degraded polysaccharide 

In view of the results shown in Fig. 1, the poly- 
saccharide (920 mg.) was hydrolysed for 16 hr. at 
100° with 0-5N-H,SO, (50 ml.) in an atmosphere 
of N,. After neutralization and removal of salt as 
already described the hydrolysate was concentrated 
in vacuo (16°) to approx. 15 ml. The examination of 
a sample of this hydrolysate by paper chromato- 
graphy confirmed the presence of the three com- 
ponents previously detected; traces of glucose and 
galactose were also found and peptides were 
revealed by the ninhydrin spray reagent. 


Separation of amino sugar and peptides 
from neutral sugars 


A glass column, 1-2cm. internal diam., was 
packed with 40 g. of damp Zeo-Karb 225 (wet wt. 
to dry wt. ratio, 1-9; The Permutit Co. Ltd.). The 
resin was packed in the H* form after two cycles 
through the Na* form. After thorough washing of 
the column in water, the concentrated hydrolysate 
(approx. 15 ml.) was placed on the resin and the 
column eluted with water. Elution was stopped 
when approx. 10 yl. samples of the eluate, ‘spotted’ 
on to filter paper and sprayed with anisidine hydro- 
chloride, no longer gave a positive reaction for 
reducing sugars. The sugar solution eluted was 
neutralized and concentrated to a syrup; chromato- 
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graphy revealed two major sugar components but 
there remained a faint reaction with ninhydrin. The 
syrup was therefore diluted to approx. 10 ml. and 
passed through a second column of Zeo-Karb 225 
exactly as previously described. The syrup obtained 
by concentrating the neutralized eluate of the 
second column contained only rhamnose and aldo- 
heptose, with traces of glucose and galactose; this 
was preserved at 0-2° in the presence of CHCI,. 


Isolation and identification of 
p-glucosamine hydrochloride 


The first resin column containing the adsorbed 
amino sugar was eluted with 0-3N-HCI; only those 
fractions of the eluate were retained which, when 
spotted on filter paper, reacted with the ninhydrin 
spray reagent. The hexosamine solution thus ob- 
tained was evaporated almost to dryness in vacuo. 
Crystals formed on standing in the cold; these were 
redissolved in water and the material was recrystal- 
lized by the addition of 10 vol. of acetone and leaving 
overnight at 0-2°. The crystals were then washed 
with acetone and with ether and dried over P,O, . The 
dry crystals weighed 35 mg., [«]??+73° in water 
(c, 2); authentic D-glucosamine hydrochloride has 
[x] > + 72-5°. 

Within the limits of accuracy of the methods used 
the amino sugar gave the same amount of colour 
(measured in the Hilger Spekker absorptiometer) 
as that given by asample of authentic D-glucosamine 
hydrochloride in the Elson & Morgan (1933) test. 
The same amount of colour as that produced in the 
Morgan & Elson (1934) test by N-acetyl-p-glucos- 
amine was obtained when a sample of the isolated 
sugar was tested after acetylation by the method of 
Smithies (1953). After treatment with ninhydrin 
according to the method of Stoffyn & Jeanloz 
(1954) arabinose could be detected chromato- 
graphically. The amino sugar was therefore con- 
sidered to be D-glucosamine. 


Separation of neutral sugars 


The neutral sugars present in the water eluate of 
the resin columns were separated on a column of 
cellulose powder. A glass tube, 1-8 cm. internal 
diam. and 66 cm. long, was packed with Whatman 
no. 1 analytical-grade cellulose powder (100 g.). 
For elution 95% (v/v) aq. acetone was used. This 
solvent had given good results in filter-paper separa- 
tions and it offered the additional advantage of 
being easily removed from the column effluent by 
distillation. The column was packed dry and 
thoroughly washed through with the soivent. Pre- 
liminary experiments showed that mixtures of 
galactose and rhamnose could readily be separated 
and the sugars recovered. Hydrolysates of the 
specific degraded polysaccharide of Shigella dysen- 
teriae (Davies et al. 1955) were also separable into 
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their component neutral sugars after removal of 
glucosamine on a Zeo-Karb 225 column. These 
experiments also revealed that it was unnecessary to 
remove traces of salt from neutralized resin-column 
eluates before application to the cellulose column. 

The mixture of aldoheptose and rhamnose, from 
which glucosamine and peptides had been removed, 
was diluted to 3 ml., placed on the cellulose column 
and eluted at 20°, the flow rate being approx. 
50 ml./hr. The effluent was collected in 5 ml. 
fractions and the presence of reducing sugars 
detected by spotting on filter paper as already 
described. With anisidine hydrochloride as a spray 
reagent the cclour given by rhamnose (yellow) 
could readily be distinguished from that given by 
the aldoheptose (grey—green). 

The first anisidine-reacting material to emerge 
from the column gave a bright-yellow spot without 
heating and appeared to be a substance derived 
from the resin column. This fraction was recovered 
as a non-hygroscopic reddish powder (7-6 mg.) and 
was not examined further. Rhamnose then appeared 
and all fractions containing this sugar were pooled 
and evaporated to a syrup. No reducing sugar 
appeared in the next 21. of column eluate; the 
elution of heptose was therefore hastened by running 
water down the column. This was unfortunate since 
the column had not been washed with water and 
as aresult the heptose was later found to be con- 
taminated with a water-soluble impurity from the 
cellulose. 

Identification of L-rhamnose 

The rhamnose syrup was crystallized from acetone 
which contained a trace of water and a yield of 
59 mg. was obtained {{«]7?+9° in water (c, 2)}. 
After recrystallization from the same solvent the 
product gave an m.p. of 91°, and a mixed m.p. with 
authentic L-rhamnose gave the same figure. The 
m.p. and mixed m.p. of the phenylhydrazone, 
prepared as described by Butler & Cretcher (1931), 
were in the range 146—153°. The absorption curve 
given by the isolated sugar in the H,SO,-cysteine 
reaction (Dische & Shettles, 1948) was quanti- 
tatively identical with that given by authentic L- 
rhamnose. 


Isolation and identification of heptose 

The eluted heptose solution was evaporated to 
a syrup which, when dried over P,O; in vacuo, 
weighed 270 mg. On paper chromatograms sprayed 
with anisidine a sample of this syrup gave only one 
spot which had the characteristic aldoheptose 
colour. Its position corresponded to that of D- 
glycero-b-galactoheptose in all solvent systems used, 
and differed in position in one or more solvent 
systems from the other aldoheptoses available for 
comparison (D-glycero-D-gluco-, D-glycero-L-gluco-, 
D-glycero-D-manno-, D-glycero-L-manno-, D-glycero- 
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L-galacto-, D-glycero-p-allo-, D-glycero-p-gulo-, 
glycero-pD-ido-, D-glycero-p-talo, D-glycero-L-talo- and 
D-glycero-D-altro-heptoses). 

The optical rotations of those aldoheptose sugars 
described in the literature are all rather small, with 
the exception of pD-glycero-p-galactoheptose ([«], 
+ 68°). The specific rotation of a sample of the 
syrup after drying by grinding under several 
changes of dry acetone was [«]??+52° in water 
(c, 2). This figure supported a tentative identifica- 
tion as D-glycero-D-galactoheptose by ruling out the 
possibility of it being the optical enantiomorph 
L-glycero-L-galactoheptose; these two sugars would 
not be distinguishable either chromatographically 
or by their infrared-absorption spectra. 
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Fig. 2. Infrared-absorption spectra of aldoheptose sugars, 
samples incorporated in KCl disks. (A) Specimen 
isolated from C. violaceum (BN); (B) and (C), p-glycero-p- 
galacto-; (D), p-glycero-u-galacto-; (E), p-glycero-L-gluco-; 
(F), D-glycero-L-manno-; (G@), D-glycero-p-allo-; (H), 
p-glycero-p-gulo-; (J), D-glycero-u-talo-; (K), D-glycero-D- 
idoheptose. (B) is a saniple of (C) diluted to match (A). 
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Attempts to crystallize the sugar from various 
water—organic solvent mixtures were unsuccessful 
and resulted in considerable loss of material. 
A white amorphous precipitate was obtained, 
however, when acetone or ethanol was added to 
aqueous solutions of the sugar. This was recovered 
and dried; unlike the sugar syrup, which was 
extremely hygroscopic, the dried powder did not 
absorb moisture from the atmosphere. This material 
seemed likely to be a polysaccharide and was 
therefore hydrolysed for 16hr. at 100° with 
0-5N-H,SO,, and the hydrolysate examined chro- 
matographically. A number of components were 
thus revealed: xylose and glucose were present, two 
slow-moving components which may have been 
sugar acids and traces of some substances which 
reacted with ninhydrin. It was subsequently 
found possible to recover a polysaccharide having 
this same composition from the aqueous washings 
of powdered cellulose. The material closely re- 
sembles that described by Huffman, Rebers, 
Spriestersbach & Smith (1955), which was obtained 
from cellulose in the same way. A further quantity 
of the contaminating polysaccharide was removed 
from the heptose sugar solution, to which acetone 
had been added to 75 % (v/v), by sedimentation at 
105000 g for 2 hr. As a result of this treatment the 
optical rotation of a dried sample of the heptose 
syrup rose to [«]?? + 60° in water (c, 2). 

From a 90% (v/v) ethanol solution of sugar, 
1-5mg. of microcrystalline material was finally 
obtained. In the hope of obtaining an unequivocal 
identification with this small sample, the infrared- 
absorption spectra of eight of the available synthetic 
aldoheptoses were obtained, together with that of 
the unknown heptose. These are shown in Fig. 2. 
It can be seen that the spectra of the eight known 
heptoses all show considerable differences from 
each other, but that the spectrum of the C. violaceum 
heptose cannot be distinguished from that of p- 
glycero-D-galactoheptose. 


DISCUSSION 


Recent techniques have made the detection of 
aldoheptose sugars a relatively simple matter. On 
chromatograms the anisidine spray reagent of 
Hough et al. (1950) gives a characteristic colour 
when papers are heated at 130° for a few minutes; 
when this is obscured by failure of the heptose to 
separate from other sugars in a mixture, the 
sensitive H,SO,—cysteine reaction of Dische (1953) 
can be used. 

Information about the movement of a few aldo- 
heptoses on paper chromatograms has been given 
by Isherwood & Jermyn (1951) and Kowkabany 
(1954); additional data on all heptoses at present 
available are about to appear (Davies, 19576). Since 


all of the aldoheptoses have not yet been synthe- 
sized, however, a definite identification cannot be 
made by paper chromatography alone; in addition 
this method does not distinguish between pairs of 
optical enantiomorphs. Apart from pD-glycero-p- 
galactoheptose, which has now been identified, the 
only other aldoheptose sugar isolated from a 
natural product is in fact an L-sugar, namely L.- 
glycero-D-mannoheptose (Slein & Schnell, 1953; 
Weidel, 1955). 

Up to the time of writing, the specific polysac- 
charides of Gram-negative bacteria are the only 
known natural sources of aldoheptoses. Future 
publications from this Establishment will show that 
at least twenty-five different polysaccharides 
prepared from organisms of this group contain 
heptose sugars, which are thus of much more 
frequent occurrence than had previously been 
realized. 

The recognition of glucosamine by chromato- 
graphy alone should not be relied upon because 
chromatographic data for other 2-amino sugars is 
limited; several new sugars of this class have 
recently been reported to occur in natural products 
(Strange & Dark, 1956; Strange, 1956; Crumpton & 
Davies, 1956; Tamelen, Dyer, Carter, Pierce & 
Daniels, 1956). 


SUMMARY 


1. Apreparation of thesomatic antigen of Chromo- 
bacterium violaceum (BN) was obtained by extrac- 
tion of acetone-dried cells with trichloroacetic acid. 

2. By hydrolysis with 1% (v/v) acetic acid at 
100°, the somatic antigen was separated into de- 
graded polysaccharide and lipoprotein components. 

3. The degraded polysaccharide was hydrolysed 
to release its component sugars and the hydrolysate 
passed through an ion-exchange resin. 

4. p-Glucosamine hydrochloride was _ isolated 
from an acidic eluate of the resin column. 

5. The neutral sugars, obtained by eluting the 
resin column with water before the acid elution, 
were separated on a column of powdered cellulose 
with 95 % (v/v) aqueous acetone as the developing 
solvent. 

6. From the earlier fractions of the cellulose- 
column effluent L-rhamnose was isolated. 

7. From the later fractions of the cellulose- 
column effluent was 
isolated, a sugar not previously known to occur in 
Nature. 


We wish to thank Mr F. C. Belton of this Establishment 
for growing the bacteria used in this work. We are greatly 
indebted to Dr Isbell, National Bureau of Standards, 
Washington D.C., for a sample of D-glycero-p-taloheptose, 
and to Dr Richtmyer, National Institutes of Health, 
Bethesda, Md., for samples of most of the remaining heptose 
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prepare solutions of the free sugars. Our thanks are due to 
Mr L.C. Thomas, Chemical Defence Experimental Establish- 
ment, Porton, for producing the infrared-absorption 
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The discovery of uridine 5’-diphosphoglucuronic 
acid (Dutton & Storey, 1954; Storey & Dutton, 
1955) as the intermediate in the formation of 
‘ether-type’ glucuronides by cell-free liver pre- 
parations has led to renewed interest in and a new 
approach to many problems of uronic acid meta- 
bolism in both plants and animals, e.g. the forma- 


tion of other types of glucuronides (Isselbacher & 
Axelrod, 1955; Dutton, 1955, 1956), the synthesis 
of polysaccharides containing uronic acid (Glaser & 
Brown, 1955), and the biosynthesis of ascorbic acid 
(Isherwood, Chen & Mapson, 1954). In the liver of 
several animals, the synthesis of uridine diphos- 
phoglucuronic acid is carried out by a diphospho- 
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pyridine nucleotide-linked dehydrogenase acting 
upon uridine diphosphoglucose (Strominger, Kalc- 
kar, Axelrod & Maxwell, 1954). In the present 
paper the purification and properties of a similar 
enzyme isolated from pea seedlings will be described, 
and its relation to uronic acid metabolism will be 
discussed. 

EXPERIMENTAL 


Materials. Uridine diphosphoglucose (UDPG) and di- 
phosphopyridine nucleotide (DPN) were the same as those 
described by Strominger, Maxwell, Axelrod & Kalckar 
(1957). Uridine diphosphoglucuronic acid (UDPglucuronic 
acid) was isolated from rabbit liver according to Storey & 
Dutton (1955), or as the product of oxidation of UDPG by 
liver UDPG dehydrogenase (Strominger et al. 1957). 
Enzyme assay. The assay for UDPG dehydrogenase, and 
units of measurement, were identical with those described 
by Strominger et al. (1957). In the present instance most 
measurements of the rate of DPN reduction (as the increase 
in optical density at 340 my) were carried out in a Hilger 
spectrophotometer, adapted with a pinhole diaphragm to 
reduce the size of the light beam. The cuvettes were fitted 
with an acrylic plastic insert to reduce their capacity. 
A volume of 0-5 ml. could be conveniently handled with the 
arrangement employed. 

Paper electrophoresis. This was carried out as described by 
Markham & Smith (1951). Nucleotides were visualized by 
ultraviolet-absorption printing. Carbohydrates were de- 
tected by the aniline hydrogen phthalate spray (Partridge, 
1949). In order to distinguish glucuronic acid and galact- 
uronic acid the following procedure was employed. A small 
amount of conc. HCl was added to the dried sample, and 
taken to dryness over NaOH in a desiccator. The process 
was repeated a second time. This treatment converts 
glucuronic acid quantitatively into glucuronolactone. As 
galacturonic acid is unable to form a lactone, it remains in 
the acid form. Glucuronolactone and galacturonic acid 
were readily distinguished by electrophoresis in 0-05m- 
ammonium formate buffer, pH 3-4, on a strip of Whatman 
no. 3 filter paper, 57 cm. long. At a potential gradient of 
20v/cm., galacturonic acid moves almost half the length of 
the paper in 1 hr. whereas glucuronolactone has no electro- 
phoretic mobility. 


RESULTS 


Preparation of uridine diphosphoglucose 
dehydrogenase from pea seedlings 


Extracts of dried peas, of acetone-dried powders of dried 
peas or of soaked pea seedlings all catalysed the reduction of 
DPN on the addition of UDPG. However, since the rate of 
reduction of DPN in the presence of UDPG was only 30% 
greater than the rate of reduction in its absence, confirma- 
tion that UDP glucuronic acid was formed was obtained by 
coupling the oxidation with o-aminophenol and the con- 
jugating enzyme of washed guinea-pig liver microsomes 
(Dutton & Storey, 1954). The formation of o-aminophenyl- 
glucuronide from o-aminophenol, UDPG and DPN was 
dependent on both pea extract and guinea-pig liver micro- 
somes; the pea extracts by themselves were incapable of 
catalysing the conjugation reaction with o-aminophenol. 

The following procedure has led to a 1000-fold purification 
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of the UDPG dehydrogenase from an extract of pea 
seedlings. 

Step 1: preparation of extract. English Wonder peas were 
soaked for 12 hr. in tap water and then germinated for 
1-3 days at 20°. The pea seedlings (600 g.) were ground in an 
end-runner mill, previously cooled at — 20°, with 600 ml. of 
phosphate buffer (0-025m), pH 6-8, and a trace of silicone 
antifoam. The extract was pressed through muslin, and the 
pH adjusted to 5-5 with n-acetic acid. After centrifuging at 
20000 g for 15 min., the clear supernatant was brought back 
to pH 6-8 with n-NaOH. 

Step 2: j lphate 1. To the cooled supernatant 
(3°) was added solid (NH,),SO, to 55% saturation (35 g./ 
100 ml. of soln.). After 10 min. the supernatant was centri- 
fuged, and the active precipitate dissolved in about 60 ml. 
of phosphate buffer (0-01m), pH 6-8, containing mm- 
ethylenediaminetetra-acetic acid (EDTA); in the subsequent 
steps in the purification EDTA was maintained at this level. 

Step 3: heat. The dissolved precipitate was adjusted to 
pH 5:5 with n-acetic acid, heated rapidly to 50°, and main- 
tained at this temperature for 1-5 min. After rapid cooling 
to 3° the precipitate was centrifuged and discarded. 

Step 4: ammonium sulphate 2. The supernatant from the 
previous step was adjusted to pH 6-8 with NaOH, and the 
(NH,),SO, concentration (about 7 % saturation) determined 
on a conductivity meter. Saturated (NH,),SO, solution was 
added until a saturation level of 21% was reached. The pre- 
cipitate was centrifuged and discarded. The supernatant was 
made 32% saturated, centrifuged and the precipitate 
dissolved in about 40 ml. of phosphate buffer (0-01™), 
pH 6-6. This preparation could be stored at — 20° for several 
weeks without significant loss of activity. 

Step 5: acetone. The solution was dialysed for 4 hr. against 
31. of phosphate buffer (001m), pH 6-6, at 1°. Longer 
dialysis caused a loss of activity, possibly due to the removal 
of (NH,),SO,, which was found to stabilize the enzyme. 
After dialysis the solution was centrifuged and the clear 
supernatant cooled in a brine bath kept at —3°. Chilled 
acetone was added, drop by drop down the side of the flask, 
until a concentration of 35% (v/v) was reached. After 
equilibration for 10 min. the precipitate was collected by 
centrifuging at 20000 g for 5 min. and discarded. Further 
acetone was added to bring the concentration to 50% (v/v). 
After 10 min. the precipitate was centrifuged, dried in vacuo 
and dissolved in 40 ml. of phosphate buffer (0-01m), pH 6-6, 
containing 1% of (NH,),SO,. This solution was dialysed at 
once, against 31. of phosphate buffer (0-01m), pH 6-6, for 
3 hr., to remove traces of acetone. After centrifuging to 
clarify the enzyme, EDTA (mm) was added. 

Step 6: calcium phosphate gel. The solution was treated 
with an equal volume of calcium phosphate gel (17-2 mg./ 
ml.) prepared according to Keilin & Hartree (1938), left for 
15 min. in the cold and centrifuged. The gel was washed with 
phosphate buffer (0-01m), pH 6-6, and the enzyme eluted 
with 15 ml. of phosphate buffer (0-1m), pH 6-6, for 15 min.; 
this was repeated, the two eluates being combined. 

Step 7: ammonium sulphate 3. Saturated (NH,).SO, 
solution was added until a saturation level of 42% was 
reached. The precipitate was centrifuged and dissolved in 
10 ml. of phosphate buffer (0-01m), pH 6-6, and stored at 
— 20°. After storage for several weeks a precipitate formed 
and was removed by centrifuging. 

The recovery and specific activity of the enzyme at the 
different stages of the procedures are given in Table 1. 
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Table 1. Purification of uridine diphosphoglucose dehydrogenase 
Total units Total protein 
(units/100 g. (mg./100 g. Specific activity 
fresh wt. of fresh wt. of (units/mg. 
Stage of purification pea seedlings) pea seedlings) of protein) 
Pea extract 16 300 3000 5 
Ammonium sulphate 2 11 000 54 204 
Acetone 9 100 19 480 
Calcium phosphate 3 600 3 1250 
Ammonium sulphate 3 3 400 0-7 4850 
Table 2. Stoicheiometry of reduction of K,=7x 10° 
diphosphopyridine nucleotide 
Reduction of DPN was followed by measuring the 4 
increase in absorption at 340 my in a Hilger spectrophoto- 2r 7 
meter. The reaction mixture contained enzyme, DPN 1/V 6 ‘WV 
(0-5umole) and varying amounts of UDPG in a total 5 
volume of 0-5 ml. of 0-1 m-glycine buffer, pH 8-9. 1 4 
UDPG DPN DPN reduced (a) (b) 2 
added reduced (moles/mole of ; 
(umole) (umole) UDPG added) 0 01 02 03 
0-01 0-022 22 10°5x (1/5) (mM) 10-4 (1/5) 
a aa a Fig. 2. Plots to determine the Michaelis constants for 
0-02 0-035 1-75 (a) UDPG, (6) DPN. Velocity V is expressed as AZ34)/min. 
0-02 0-037 1-85 Measurements were made in 0-1 M-glycine buffer. pH 8-8, 
0-04 0-074 1-85 at 17. 
0-04 0-075 1-88 ao 
pH Optimum. A mixed buffer consisting of 
phosphate and glycine, each 0-1 final concentra- 
s000- tion, adjusted to the desired pH with HCl or 
NaOH, was used throughout the H*-ion concentra- 
F sok tion range studied. The pH optimum for the purified 
r= enzyme was found to be 9-0 (Fig. 1). 
~ a Substrate affinity constants. The Michaelis con- 
— stants for UDPG and DPN, determined by the 
a method of Lineweaver & Burk (1934), measured 
in 0-1m-glycine at pH 8-8, were 7x 10m and 
1-15 x 10-*M respectively (Fig. 2). 
eo Specificity. The following substances were not 
0 | | | | | | oxidized by the purified UDPG dehydrogenase 
65 70 75 80 85 90 5 


pH 
Fig. 1. Activity of uridine disphosphoglucose dehydro- 
genase as influenced by pH. The reaction was studied in 


a mixed buffer consisting of phosphate and glycine, each 
0-1 at the pH indicated; temp. 17°. 


Properties of the purified enzyme 

Stoicheiometry of diphosphopyridine nucleotide 
reduction. With the most purified enzyme 1-8- 
1:9moles of DPN were reduced/mole of UDPG 
added (Table 2). 

Reversibility. When UDPglucuronic acid and 
reduced DPN were incubated with enzyme at 
pH 7-2 or 8-8, no enzymic oxidation of reduced 
DPN could be observed. 


with DPN as electron acceptor: uridine diphospho- 
galactose, uridine diphosphoacetylglucosamine, 
uridine diphosphoacetylgalactosamine, guanosine 
diphosphomannose, glucose, «-glucose 1-phosphate 
and ethanol. With crude preparations of the enzyme 
uridine diphosphogalactase was oxidized at the 
same rate as UDPG. 

The two following UDPG analogues, prepared 
as intermediates in the synthesis of UDPG by 
Michelson & Todd (1956), were kindly supplied by 
Dr A. M. Michelson. The 2’:3’-OO-dibenzyl ether of 
UDPG was not detectably oxidized. However, 
a compound presumed to be the 2’:3’-OO-diacetyl 
derivative of UDPG was oxidized at about one- 
third of the rate of UDPG. This compound is as yet 
incompletely characterized. In neutral ethanol— 
ammonium acetate (Paladini & Leloir, 1952) the 


) 
57 | 
pea 
ere 
for 
an 
. of 
one 
the | 
unt 
ri- | 
nl. 
M- 
nt 
el. 
to 
in- | 
ng ) 
he 
he 
ed 
as 
re- 
), | 
al 
ist 
er | 
al 
ie. 
ar 
od 
er 
ry | 
er 
10 
6, 
at 
io 
d | 
h 
. 
i 


570 
compound has a mobility much greater than that of 
UDPG, and no UDPG could be detected in the 
preparation. 
With UDPG as substrate, no reduction of tri- 
phosphopyridine nucleotide could be detected. 
Sulphydryl requirement. The enzyme was 55% 
inhibited by »M-p-chloromercuribenzoate and this 
inhibition was not reversed by 0-01M-cysteine. 
Oxidized glutathione (0-01M) inhibited the enzyme 
42% when incubated at 20° for 1-5 hr., and this 
inhibition was increased to 65% on leaving for 
18hr. No reactivation could be obtained with 
reduced glutathione (0-05m). Iodosobenzoic acid 
(mM) inhibited 34% when incubated with the 
enzyme for 10 min. at 20°, but no inhibition was 
produced by iodoacetate under similar conditions. 
An activating effect of cysteine or thioglycollate 
was observed only with low concentrations of 
enzyme. With an enzyme preparation (activity 
120 units) no effect of cysteine or thioglycollate was 
observed. With one-fourth this amount of enzyme 
the rate of reaction was increased, after the addition 
to the assay mixture of cysteine (0-01M) and thio- 
glycollate (0-01 mM) by 2 and 24 times respectively. 
Other inhibitors. Sodium pyrophosphate, when 
added to the enzyme before DPN at levels of 
0-02 and 0-004mM, inhibited to the extent of 40 and 
17 % respectively, but no inhibition occurred when 
DPN and pyrophosphate were added together 
and the reaction was started by the addition of 
enzyme. 
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Sodium fluoride (mm), when incubated with the 
enzyme at 20° for 10 min., produced 50 % inhibition, 
but potassium cyanide in a similar concentration 
and under similar conditions had no effect. 

Stability. In the early stage of purification the 
enzyme was unstable but became more stable as it 
was purified. The preparations of greater purity 
have been freeze-dried without any loss of activity, 
and no loss occurred during 3 months’ storage of the 
dried preparation at — 20°. A freeze-dried prepara- 
tion was sent by air mail from Cambridge, England, 
to St Louis, Mo, U.S.A., without loss of activity. 


Isolation and identification of UDPglucuronic acid 
as the product of the enzymic oxidation of uridine 
diphosphoglucose 


When the purified enzyme from: pea seedlings 
was incubated with UDPG, DPN, o-aminophenol 
and washed guinea-pig liver microsomes, formation 
of o-aminophenylglucuronide occurred (Table 3). 
Presumably therefore the product of oxidation of 
UDPG by the pea enzyme was UDPglucuronic acid. 


To isolate the product, 0-8 wmole of UDPG, 3 moles of 
DPN and 1500 units of purified enzyme were incubated in 
0-5 ml. of glycine buffer (0-1m), pH 8-8. After 30 min. the 
pH was adjusted to 5 with 2N-acetic acid, and the solution 
was streaked side to side about 9 cm. from one end on a strip 
of Whatman no. 3 filter paper, 2-5 em. x 57 em., previously 
wetted with ammonium acetate buffer (0-1m), pH 5-2, 
containing EDTA (0-001m). Electrophoresis was carried 
out at a potential gradient of about 20v/em. for 2 hr. in the 


Table 3. Formation of o-aminophenylglucuronide by pea or liver preparations in 
the presence of guinea-pig liver microsomes 


Each incubation mixture contained phosphate buffer (0-5m), pH 7-6, 50ul. of MgCl, (0-05m), o-aminophenol (50 yl., 
6 mg./25 ml.) and microsomes from 100 mg. of guinea-pig liver (100l.). To some incubations, UDPG (0-095 umole), 
DPN (0-5 umole) and UDPG dehydrogenase (from liver or from peas) were added. To other incubations UDPglucuronic 
acid (prepared from UDPG by means of UDPG dehydrogenase from liver or from peas) was added. The total volume was 
adjusted to 300 yl. and the samples were incubated for 60 min. at 38°. Blanks were obtained by omitting the nucleotides, 
and calculations were with reference to internal standards of o-aminophenylglucuronide. The reactions were stopped by 
the addition of 300 yl. of 2m-phosphate-1-25m-trichloroacetic acid, pH 2-25. The preparations were centrifuged and to 
300 wl. of supernatant, 100 ul. of 0-05% NaNO,, 100 yl. of 0-5% ammonium sulphamate and 100 yl. of 0-1% naphthyl- 
ethylenediamine dihydrochloride were added. After 2 hr. in the dark, the colour was read at 535 mp. 


Conversion 
o-Aminophenyl- of uridine 
glucuronide _ nucleotide into 
formed glucuronide 
Nucleotide added Enzyme added (umole) (%) 
1. UDPG, DPN Pea UDPG dehydrogenase 0-042 44 
(50 units) 
2. UDPG, DPN Liver UDPG dehydrogenase 0-049 52 
(205 units) 
3. UDPglucuronic acid (0-029 pmole) prepared — 0-016 55 
with pea UDPG dehydrogenase 
4. UDPglucuronic acid (0-018 umole) prepared — 0-013 72 


with liver UDPG dehydrogenase 


Quantitative conversion of UDPG or of UDPglucuronic acid into the glucuronide was not observed (cf. Strominger 
et al. 1957); no explanation for this has been obtained. 
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apparatus described by Markham & Smith (1951). The 
resulting ultraviolet-absorbing bands (Fig. 3a) were eluted 
and transferred directly to another sheet of filter paper, and 
chromatographed (Fig. 35) in neutral ethanol-ammonium 
acetate (Paladini & Leloir, 1952). Band 1 had the R, 
expected for UDPglucuronic acid in this solvent (Smith & 
Mills, 1954) and was further identified as UDPglucuronic 
acid by (i) the formation of o-aminophenylglucuronide 
(Table 3), with guinea-pig liver microsomes (Levvy & 
Storey, 1949); (ii) the characteristic ultraviolet-absorption 
spectrum of a uridine nucleotide in acid and alkali; (iii) the 
content of glucuronic acid (0-86 zmole/umole of uridine) 
estimated by the carbazole reaction (Dische, 1950). 

Further identification of the glucuronic acid moiety was 
obtained by boiling a nucleotide sample in 0-1N-HCl for 
5 min. to hydrolyse the glycoside band, and then carrying 
out the differentiation of glucuronic and galacturonic acids 
described in Methods. No trace of galacturonic acid was 
observed. 

Band 2 (Fig. 3a) was found to be due to the presence of 
another uridine nucleotide, which was chromatographically 
identical with UDPG; it may represent a small amount of 
unoxidized nucleotide. Bands 3, 4 and 5 were due to 
adenine-containing compounds representing oxidized and 
reduced DPN and their degradation products. Band 6 was 
contributed by the enzyme preparation. 


DISCUSSION 


These experiments have established the presence in 
pea seedlings of an enzyme uridine diphospho- 
glucose dehydrogenase, which catalyses the forma- 
tion of uridine diphosphoglucuronic acid. It seems 
likely that UDPglucuronic acid may be an inter- 
mediate in the biosynthesis of those simple 
glucuronides (Marsh & Levvy, 1956) and of gluc- 
uronic acid-containing polysaccharides (Whistler 
& Smart, 1953), which occur in peas and other 
plants. 

The possible relation of this biosynthetic mech- 
anism to ascorbic acid formation was our primary 
reason for undertaking this investigation. It has 
been established that ascorbic acid is formed in 
animals from a hexose precursor without degrada- 
tion and recombination of the carbon chain (Jackel, 
Mosbach, Burns & King, 1950). Carbon atom 6 of 
D-glucose becomes C-1 of L-ascorbic acid (Horowitz, 
Doerschuk & King, 1952; Horowitz & King, 1953). 
The pathway from hexose to ascorbic acid appears 
to lead through a uronic acid intermediate. How- 
ever, in animals the intermediate appears to be 
a derivative of glucuronic acid (Isherwood et al. 
1954), whereas in plants a derivative of galacturonic 
acid has been implicated (Mapson, Isherwood & 
Chen, 1954). A major point of interest in the present 
study was therefore the specificity of the uridine 
nucleotide dehydrogenase of pea seedlings. Like its 
counterpart in liver, UDPG dehydrogenase of pea 
seedlings has a strict specificity for the configuration 
C-4 of the hexose and is incapable of oxidizing 
uridine diphosphogalactose. So far, attempts to 
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demonstrate the synthesis of L-ascorbic acid from 
UDPG or from UDPglucuronic acid by pea pre- 
parations have been unsuccessful. 


AMP 


UDP glucuronic 
acid 
ADP 


Control Expt. 1 2 


| 
Std. 


Fig. 3 (a). Separation of UDPglucuronic acid by paper 
electrophoresis from a digest containing pea UDPG 
dehydrogenase, UDPG and DPN; UDPG was omitted 
from the control digest. Electrolyte, ammonium acetate 
buffer (0-1m), pH 5-2; potential, 20v/cem.; duration, 2 hr, 
Band 1, UDPglucuronic acid; band 2, UDPG; bands 
3, 4, 5, oxidized and reduced DPN and degradation pro- 
ducts; band 6, contributed by enzyme preparation. 
(b) Identification of UDPglucuronic acid by paper 
chromatography. Bands 1 and 2 (Fig. 3a) were eluted 
and chromatographed with 7-5 vol. of 95% ethanol 
+3 vol. of ammonium acetate (Mm), pH 7-5. Standards: 
UMP, uridine 5’-phosphate; AMP, adenosine 5’-phos- 
phate; ADP, adenosine diphosphate. 
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With the more impure preparations of the 
enzyme it was observed that uridine diphospho- 
galactose was oxidized at the same rate as UDPG. 
The nucleotide product of the oxidation was iso- 
lated and found to contain only glucuronic acid; 
no trace of galacturonic acid was detected. There- 
fore the observed oxidation was presumably the 
result of conversion of uridine diphosphogalactose 
into UDPG by a galactowaldenase enzyme present 
in the crude preparations, but which was removed 
during subsequent purification. The complete 
absence of galacturonic acid in the product makes 
it unlikely that a uridine diphosphogalactose de- 
hydrogenase was removed during the purification. 
Likewise, it may be inferred that UDPglucuronic 
acid is not a substrate for galactowaldenase. The 
presence of a mechanism for the formation of 
UDPglucuronic acid in pea seedlings suggests that 
galacturonic acid might be formed from UDP- 
glucuronic acid by means of a separate waldenase 
enzyme. Alternatively, there is the possibility that 
a separate dehydrogenase enzyme exists which can 
oxidize uridine diphosphogalactose directly. Like 
the liver enzyme, UDPG dehydrogenase of pea 
seedlings catalyses the oxidation of UDPG to 
UDPglucuronic acid. The failure to resolve the two 
hypothetical steps of the reaction during this 
extensive purification strengthens the working 
hypothesis that a single enzyme catalyses the 
oxidation of an alcohol to an aldehyde and of the 
aldehyde to an acid. The same hypothesis has been 
reached for the enzyme catalysing the oxidation of 
L-histidinol to t-histidine (Adams, 1955). Other 
properties of the pea enzyme are quite similar to 
those of the enzyme purified from calf liver 
(Strominger et al. 1957; Maxwell, Kalckar & 
Strominger, 1956). 


SUMMARY 


1. Uridine diphosphoglucose dehydrogenase, an 
enzyme catalysing a diphosphopyridine nucleotide- 
dependent oxidation of uridine diphosphoglucose, 
has been purified about 1000-fold from an extract of 
germinated pea seedlings. 

2. Some of the properties of the purified enzyme 
have been examined. Like its counterpart in liver, 
the purified enzyme catalyses a two-step oxidation 
of uridine diphosphoglucose but does not oxidize 
uridine diphosphogalactose. 

3. The product of the oxidation was isolated 
and identified as uridine diphosphoglucuronic 
acid. 

4. The relationship of this enzymic mechanism 
to uronic acid metabolism in plants has been 
discussed. 
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Some Properties of a Zinc-Dependent Hexokinase 
from Neurospora crassa 
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Hexokinase which phosphorylates glucose, fructose 
and mannose at the relative rates of 100:140:30 
has been crystallized from yeast (Berger, Slein, 
Colowick & Cori, 1946; Bailey & Webb, 1948; 
Kunitz & McDonald, 1946) and its activity deter- 
mined in animal tissues (Colowick, Cori & Slein, 
1947; Slein, Cori & Cori, 1950; Colowick, 1951; 
Crane & Sols, 1953; Weil-Malherbe & Bone, 1951). 
A glucokinase which phosphorylates glucose but 
not fructose or mannose has been reported in 
extracts of muscle and liver (Cori & Slein, 1947; 
Colowick, 1951). A specific fructokinase has been 
found in pea seeds (Medina & Sols, 1956). 

Few purified kinases have been prepared from 
bacteria. A glucokinase specific for the conversion 
of glucose into glucose 6-phosphate (G 6-P) has 
been found in Staphylococcus aureus, Micrococcus 
pyogenes var. aureus and in Escherichia coli (Cardini, 
1951). Hexokinase activity was shown in extracts 
of Leuconostoc mesenteroides (De Moss, 1953), 
Streptococcus faecalis (Sokatch & Gunsalus, 1954), 
Lactobacillus bulgaricus (Rutter & Hansen, 1953) 
and Clostridium butyricum (Gavard, 1954). 

In this paper some properties of a hexokinase 
from Neurospora crassa are described. 


MATERIALS AND METHODS 


Organism and methods of culture. N. crassa microconidial 
Wild type (146) was kindly supplied by Dr William D. 
McElroy, McCollum-Pratt Institute, Johns Hopkins 
University, U.S.A. The fungus was grown in the following 
culture solution: glucose, 20 g.; NH,NO,, 3 g.; sodium 
tartrate, 1 g.; KH,PO,, 3 g.; MgSO,,7H,0, 0-5 g.; NaCl, 
0-1 g.; CaCl,, 0-1 g.; biotin, 5ug.; FeCl,,6H,O, 0-96 mg.; 
ZnSO,,7H,0, 8-8 mg.; CuCl, ,2H,O, 0-27 mg.; MnCl, ,4H,O, 
72g.; Na,MoO,,2H,O, 12yug.; water, 11. The culture 
solution was dispensed in 100 ml. amounts into 500 ml. 
Erlenmeyer flasks; these, after sterilizing by autoclaving at 
10 lb./in.? for 15 min. and cooling, were inoculated with a 
mycelial suspension of the fungus in glass-distilled water. 
The fungus was grown in the dark for 4 days at 30°. The 
cultures were shaken periodically to prevent sporulation. 
The organism, which was maintained on nutrient-agar 
slopes, was subcultured weekly to ensure active growth 
(Nicholas, 1952). 


* British Council Scholar on leave from the Instituto de 
Edafologia y Fisiologia Vegetal, Madrid, Spain. 


Removal of trace metals from the culture solutions. The 
methods used to remove iron, copper, zinc, manganese and 
molybdenum from a solution of the macronutrients have 
been described previously (Nicholas, 1952). Special pre- 
cautions were taken to avoid metal contamination; these 
included the use of inverted beakers instead of cotton wool 
to close the necks of the flasks (Nicholas, 1952). 

Harvesting the fungus and preparation of extract. The 
mycelial felts were collected in a Biichner funnel and washed 
well with glass-distilled water. Surplus water was squeezed 
out of the felts and they were frozen for a minimum of 3 hr. 
at —17°. The felts were homogenized in a mortar with four 
times their weight of cold glass-distilled water containing 
5mm-sodium ethylenediaminetetra-acetate (sodium-EDTA) 
and then in a 50 ml. capacity Ten Broeck glass macerator 
(made to our specification by Jencons Ltd., London) at 0°. 
The homogenate was centrifuged at 2000 g for 5 min. Over 
90% of the hexokinase activity of the homogenates was in 
the supernatant. 

Measurement of enzyme activities. Hexokinase was deter- 
mined by the method of Crane & Sols (1953). The enzyme 
extracts were incubated for a defined period, usually 15 min. 
at 30° with 6umoles of sugar, 15 moles of adenosine tri- 
phosphate (ATP; disodium salt, 98% pure, obtained from 
Sigma Chemical Co., St Louis, U.S.A.), 7-5 wmoles of MgSO, 
and 20 pmoleseach of NaF, K,HPO, and 2-amino-2-hydroxy- 
methylpropane-1:3-diol (tris buffer) at pH 8; final volume 
was 0:3 ml. The phosphorylation was measured by deter- 
mining residual sugar by the method of Somogyi (1952). 
Fructose and fructose 6-phosphate (F 6-P) were determined 
by the procedure of Roe (1949). The units are defined as the 


- number of pmoles of glucose phosphorylated/15 min. ; 


specific activity is defined as units/mg. of protein. 

Adenosine triphosphatase (ATPase) was determined by 
measuring the release of inorganic P from ATP as described 
by Gilmour (1955). 

Phosphoglucose isomerase was determined by the method 
of Slein (1955). 

Phosphorylated intermediates. After 30 min. incubation 
the hexokinase reaction mixture was treated with 5% 
(w/v) trichloroacetic acid and the esters were precipitated 
as barium salts, as described by Sols (1956). The barium salts 
were treated with Amberlite IR 120 (H) (British Drug 
Houses, Ltd., London) as recommended by Wade & Morgan 
(1955). The resulting clear solution, containing the esters, 
was spotted on acid-washed filter paper (Whatman no. 1) 
and run for 12hr. in a mixture of 80 ml. of tert.-butyl 
alcohol, 20 ml. of water and 4 g. of picric acid, as described 
by Hanes & Isherwood (1949). The paper was air-dried and 
sprayed with a mixture of 5 ml. of 60% (w/w) perchloric 
acid, 10 ml. of N-HCl and 25 ml. of 4% (w/v) ammonium 
molybdate and water to'l00 ml., and dried at 85° for 7 min. 
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The paper was suspended for 10 min. in a glass jar contain- 
ing water saturated with H,S. The mixture of esters was also 
analysed chemically by the Roe (1949) method for F 6-P 
and for total sugar by the Somogyi (1952) method. The 
difference between the two assays is considered to be due to 
G 6-P. The presence of G 6-P in the reaction mixture was 
confirmed by an enzymic method: crystalline G 6-P de- 
hydrogenase, prepared from yeast by the method of 
Kornberg & Horecker (1955), was added to the hexokinase 
reaction mixture together with 0-3umole of triphospho- 
pyridine nucleotide (TPN ; 98 % pure, obtained from Sigma 
Chemical Co.). G 6-P, which inhibits hexokinase activity, 
is thus oxidized to phosphogluconic acid and hexokinase is 
no longer inhibited. 

Determination of SH groups. These were determined in the 
purified enzyme by the method of Grunert & Phillips (1951). 

Protein. The protein content of the enzyme extracts was 
determined by the Folin method used by Lowry, Rose- 
brough, Farr & Randall (1951). 

Determination of zinc and copper in protein fractions of the 
fungus. Protein fractions were digested in redistilled nitric 
acid and A.R. perchloric acid as described by Nicholas (1948). 
Zine and copper were determined in the digests by the 
dithizone method of Holmes (1945). 

Reagents. The following pure D-sugars were obtained from 
Kerfoot and Co. Ltd., Lanes. : glucose, fructose, glucosamine, 
mannose, sorbose and galactose. G6-P and F 6-P were 
obtained as the barium salts from Sigma Chemical Co. The 
esters were made soluble by using Amberlite IR 120 (H) to 
adsorb the barium, as described by Wade & Morgan (1955). 
N-Acetyl-p-glucosamine and p-chloromercuribenzoate were 
supplied by L. Light and Co. Ltd., Colnbrook, England. 
Glutathione was obtained from Schwarz Laboratories, New 
York, U.S.A. 


RESULTS 


Purification of hexokinase. The supernatant pre- 
pared by centrifuging the homogenate was fraction- 
ated in the cold with a saturated solution of 
(NH,),SO,, and the 20-75 % fraction was dissolved 
in water containing 5mm-sodium-EDTA and 
dialysed for 12 hr. at 4° against 0-5 mm-sodium- 
EDTA and tris buffer, pH 8. The dialysed prepara- 
tion was further fractionated and the 30-65% 
fraction collected. The results are summarized in 
Table 1. The over-all purification achieved (fraction 
3) was about 60-fold; about 50% of the total 
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activity in the supernatant was recovered. The 
enzyme is strongly adsorbed by alumina C, gel, 
Ca,(PO,), gel or by Norit carbon (Norit Vereeniging, 
Verkoop Centrale, Amsterdam), but attempts to 
elute the enzyme from them with pyrophosphate or 
tris buffers, of various molarities and at different 
PH values, failed to increase the specific activity of 
the enzyme. 

Enzyme stability and pH optimum. The enzyme, 
fraction 3, was stable for about 10 days at — 15° at 
about pH 8; its maximum activity was at pH 8-3- 
9-45. 

Substrate saturation and identification of product of 
reaction. The dissociation constant (K,,) for the 
enzyme-glucose complex determined from the 
saturation curve is 0-54 mm. A number of related 
substrates have been tested for phosphorylation by 
the purified enzyme. The effect of inhibitors on 
hexokinase was also examined. The results, which 
are given in Table 2 and in Fig. 1, show that the 
enzyme is inhibited competitively by N-acetyl-p- 
glucosamine, an effect which is characteristic of 
hexokinase (Sols, 1956). The enzyme has the highest 
activity for glucose and lesser rates for glucosamine, 
mannose and fructose. Very low rates are recorded 
for sorbose and galactose, which have a different 
configuration from the other sugars at C4). The 
product of the enzyme reaction inhibited its 
activity and G 6-P was shown to inhibit the enzyme 
non-competitively, in agreement with the data of 
Crane & Sols (1954) for brain hexokinase. The 
progressive inhibition of hexokinase activity was 
prevented by adding TPN and crystalline G 6-P 
dehydrogenase, as shown in Table 3. This is evidence 
that the reaction product is G 6-P. 

The product of the hexokinase reaction with 
glucose was identified as G 6-P by means of paper 
chromatography, pure esters being used as stand- 
ards. F6-P was also detected in the reaction 
mixture, which suggested the presence of phospho- 
glucose isomerase. 

The total sugar phosphorylated determined in the 
reaction mixture (see Methods) was 51 pmoles, and 
the amount of F 6-P was 16ymoles; thus the 


Table 1. Purification of hexokinase of Neurospora crassa 


The mycelium was homogenized and the supernatant from centrifuging the homogenate was fractionated as described 
in the text. Ammonium sulphate fractions were dialysed against 0-5 mm-sodium-EDTA in 2 mm-tris buffer (pH 8) 
before assay and further fractionation. Mycelia weighing 60 g. (fresh wt.) from about twenty flasks were used for purifica- 
tion of the enzyme. Activity of the enzyme was measured with the usual reaction mixture (see Methods). 


Fraction 
(1) Supernatant 
(2) First (NH,),SO, fractionation: fraction 
obtained between 20 and 75% saturation 


(3) Second (NH,),SO, fractionation: fraction 
obtained between 30 and 65% saturation 


Total Specific activity 
Total protein (units/mg. Recovery 
units (mg.) of protein) (%) 
425 234 1-81 _ 
305 10-4 29-4 71 
211 1-97 107 49 
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amount of G 6-P was 35 pmoles. The equilibrium is, 
therefore, 69% G 6-P=31% F 6-P, which is in 
agreement with the observed ratio (68:32) for the 
pure isomerase enzyme as determined by Slein 
(1955). 

The activities of hexokinase and phosphoglucose 
isomerase in the preparation were: hexokinase, 
63 umoles of glucose esterified/ml./15 min.; phos- 
phoglucose isomerase, 24 »moles of G 6-P converted 
into F 6-P/ml./15 min. (determined as in Methods). 

Effect of metal deficiencies. The effects of individual 
deficiencies of magnesium, iron, copper, zinc, 


Table 2. Substrate specificity of hexokinase 
(fraction 3) 


(A) All sugars were tested independently as substrates 
with the reaction mixture described in Methods. (B) 
p-Glucose (3moles) as substrate; 6umoles of the other 
sugars as inhibitors were added singly to the reaction 
mixture to determine their effect on the phosphorylation 
of p-glucose (see Fig. 1). K,; was calculated from the equa- 
tions of Lineweaver & Burk (1934). 


A 
Relative 
rates at 
6 mM- B 
Substrate substrate K,,|K; 
p-Glucose 1 1 
p-Glucosamine 0-29 — 
pD-Mannose 0-23 
p-Galactose <0-05 
p-Fructose 0-23 0-133 
p-Sorbose <0-05 0-044 
p-Glucose 6-phosphate 0-208 
N-Acetyl-p-glucosamine 0-540 
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manganese and molybdenum on hexokinase are 
shown in Table 4. Deficiences of magnesium, iron, 
copper or manganese did not markedly affect the 
enzyme activity. When molybdenum was deficient 
hexokinase increased, whereas a zine deficiency 
depressed it. The effect on hexokinase activity in the 
felts of varying the concentration of Zn?* ions in the 
culture solution is illustrated in Fig. 2. 


Sr 


10x (1/V) 


= 


10 2x (1/5) 


Fig. 1. Effect of different inhibitors on the phosphorylation 
of p-glucose. p-Glucose phosphorylation, O; competitive 
inhibition by N-acetylglucosamine, A; non-competitive 
inhibition by fructose, @, by sorbose, A, by glucose 6- 
phosphate, 0. V, Amount of substrate (glucose) phos- 
phorylated (umoles/ml. of enzyme/15 min.); S, concen- 
tration of substrate (moles/I.) in the reaction mixture (see 
Methods). 


Table 3. Enzymic identification of glucose 6-phosphate as the reaction product of hexokinase 


Activity of the enzyme was measured: (A) with the usual reaction mixture (see Methods) ; (B) with the further addition 
of 0-3 umole of TPN and 10 yg. of cryst. G 6-P dehydrogenase (final vol., 0-5 ml.). Figures represent wmoles of glucose 


phosphorylated/ml. of enzyme/15 min. 


Expt. 1 Expt. 2 
Incubation time (min.) ... 15 30 45 60 15 60 120 
A 10-2 6-78 4-82 3-84 5-8 4-2 2-85 
B 10-12 9-67 9-78 9-82 4:3 5:3 4:07 


Table 4. Effect of metal deficiencies on hexokinase from Neurospora crassa 


Enzyme preparation, 0-100% (NH,),SO, saturated, of fraction 1, was dissolved in 5 ml. of 5 mm-sodium EDTA in 
water and dialysed for 12 hr. against 0-5 mm-sodium-EDTA in 2 mo tris buffer, pH 8. Activity of the enzyme was measured 
with the reaction mixture described in Methods. Results are expressed as specific activity (umoles of glucose esterified/ 


15 min./mg. of protein). 


Cu Zn Mn Mo 
culture solns. Control deficient Control absent Control absent Control absent Control absent Control absent 


Treatment of Mg* Fe 
Expt. 1 2-33 2-49 3°25 33 3-17 
Expt. 2 — — 1-84 1-81 2-82 


2-80 3-09 1-47 2-60 2-20 3-17 4-13 
2-71 1-84 0-95 2-48 2-17 2-82 4-06 
2-92 2-40 1-19 2-97 3-40 


* One-hundredth of the magnesium content of the complete medium. 
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An increase in the zine content of the media was 
paralleled by an increase in hexokinase in the felts. 
Experiments with mixtures of enzymes prepared 
from normal and zine-deficient felts showed that 
there was neither an inhibitor in the deficient felts 
nor an activator in the normal ones. ATPase 
activity was similar in the normal and in the zine- 
deficient felts. 

After 4 days’ growth, zinc-deficient felts were 
supplied aseptically with 200 yg. of zine per flask, 
and triplicate cultures were harvested at intervals 
within a further 24hr. incubation period. The 
results are illustrated in Fig. 3. The hexokinase in 
the zinc-deficient mats was increased to about 90% 
of that in the normal felts within 12 hr. of adding the 
Zn** ions. There was an initial rapid increase of 
activity of hexokinase, i.e. 27 % of the recovery to 
the normal level in the control felts within 1 hr. of 
adding the metal. The addition of other trace metals 
was without effect. The addition of a similar 
amount of zinc to the normal felts did not affect the 
enzyme. 

The effect of adding graded amounts of ZnSO, 
in vitro to the enzyme prepared from normal and 
zine-deficient felts is illustrated in Table 5. The 
hexokinase prepared from the zinc-deficient felts 
was stimulated over the range 0-59-1-:19yg. of 
zinc/pmole of glucose phosphorylated, but there 
was no effect on the enzyme prepared from the 
control felts. The addition of Zn®+ ions to the 
partially purified enzyme (fraction 3) increased its 
activity by approximately 25 %. 


c 
> 
= 
9 
a 
° 
1 L J 
0 4 8 12 16 20 


Zn concn. (g./100 ml. of culture soln.) 


Fig. 2. Hexokinase activity of Neurospora crassa grown 
with varying amounts of Zn?+ ions. 
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Effect of inhibitors. In Table 6 are given data on 
the effect of inhibitors on the enzyme. One of the 
reasons for the EDTA inhibition is presumably the 
chelation of zine. 

KCN, NaNs, ««’-dipyridyl, 8-hydroxyquinoline, 
each at mm and 10mm concentration, and sul- 
phanilamide at 2 mm, did not inhibit hexokinase. 


7 


Specific activity of enzyme 


0 4 8 12 16 20 24 
Time (hr.) 

Fig. 3. Reconstitution of hexokinase in zinc-deficient felts. 
O---O, Enzyme from organism grown in complete 
medium ; enzyme from zinc-deficient organism; 
@, 200 yg. of zinc was added aseptically to zinc-deficient 
felts after 4 days’ growth, and enzyme production 
measured at intervals within a further 24 hr. incubation 
period. 


Table 5. Effect of Zn?+ ions on the activity of enzyme 
prepared from normal and zinc-deficient felts 

Enzyme preparation used was fraction 1 treated as 

described in Table 4. The enzyme activity was measured 


with the reaction mixture described in Methods, plus 
zine (as ZnSOQ,) at the levels indicated. 


Inhibition (I) or 


Zinc added to Inhibition of activation (A) 
enzyme (pg./umole enzyme from of enzyme from 
of glucose control felts zine-deficient felts 

phosphorylated) (%) (%) 
0-06 0 0 
0-28 0 0 

0-59 0 30A 

1-19 0 9A 

2-2 0 91 

4:8 221 

19-2 30 371 

42-7 60 591 


Fig. 
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The inhibition by iodoacetate and p-chloro- 
mercuribenzoate, and the reversal of the p-chloro- 
mercuribenzoate effect by glutathione, suggest the 
presence of SH groups in the enzyme. 

The quotients »m-moles of SH/pmole of glucose 
phosphorylated were 0-16 and 0-53 for the enzyme 
prepared from normal felts and zinc-deficient felts 
respectively. 

Protection of SH groups by zinc. The effect of zine 
in protecting the enzyme from the inhibitory action 
of p-chloromercuribenzoate is shown in Fig. 4. 
Maximum protection from this inhibition was 
afforded by incubating the normal enzyme with 
1:2 ug. of zine and the enzyme from zinc-deficient 
felts with 2-5 pg. of zinc/mole of glucose phosphoryl- 
ated. The addition of copper or iron at similar con- 
centrations was without effect on the inhibition of 
the enzyme by p-chloromercuribenzoate. The results 
in Table 7 show that Zn?+ ions cannot reverse 
the inhibition of the enzyme by p-chloromercuri- 
benzoate when this compound is added to the 
enzyme first. 


Table 6. Effect of inhibitors on hexokinase 


Enzyme activity was determined as in Methods. In- 
hibitors were incubated with the enzyme for 30 min. at 4° 
before the enzyme activity was determined. 


Inhibition 
Compound added (%) 
Sodium-EDTA (0-1™) 83 
Sodium-EDTA (0-01 m) 47 
Iodoacetate (0-01) 47 
p-Chloromercuribenzoate (2 mm) 90 
p-Chloromercuribenzoate (mm) 89 
p-Chloromercuribenzvate (mM) + glutathione 4-4 
(0-01m) 
80 
z 
£ 60 
5 40 
2 
a 


0 2 3 4 5 6 


1 
Zn (1g./pmole of glucose phosphorylated) 


Fig. 4. Effect of zinc sulphate, added in vitro, in protecting 
hexokinase from inhibition by mm-p-chloromercuri- 
benzoate. O, Enzyme from normal felts; @, enzyme 
from zine-deficient felts. The percentage inhibition is 
computed by comparison with controls, which were 
treated identically except for the omission of p-chloro- 
mercuribenzoate. 
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DISCUSSION 


Foster (1939) and Foster & Waksman (1939) have 
suggested that zinc is important for the utilization 
of carbohydrates by fungi, because less sugar is 
oxidized when there is a deficiency of the metal. The 
accumulation of inorganic phosphorus and reducing 
sugars and a decrease in sucrose and starch have 
been observed in zinc-deficient tomatoes (Reed, 
1946). Aldolase activity may be reduced when zine 
is deficient in plants (Quinlan-Watson, 1953). 
Nason, Kaplan & Colowick (1951) have reported an 
increase in diphosphopyridine nucleotidase activity 
in N. crassa Wild type (5297a) when zinc was 
deficient, but they found no effect on hexokinase in 
the crude extracts. In our experiments with Wild 
type (146), however, when the culture solution 
(which contained glucose instead of sucrose) was 
freed from zinc, and the enzyme then concentrated 
before assay, zinc was shown to be required for 
optimum activity of hexokinase. 

Zine appears to have two distinct effects on 
hexokinase: (a) in vitro activation of the purified 
enzyme, prepared from zinc-deficient felts, by 
about 30% of the possible recovery to the level in 
the control felts; (6) the in vivo reconstitution of the 
enzyme in deficient felts to 90 % of that in control 
felts. Effect (a) is probably direct and immediate, 
involving a substrate-enzyme relation, whereas 
effect (b), which is considerably more than (a), is 
slower and is probably associated with the more 
complex processes of synthesis of the apoenzyme. 
Action (b) may be similar to the effect of zinc on the 
apoenzyme of carbonic anhydrase discussed by 
Wood & Sibley (1952). The fact that the partially 
purified enzyme was activated by Zn?* ions indi- 
cates that the metal is essential for hexokinase 
action. 

The precise role of zinc in kinase action is less 
clear. It is established that Zn?+ ions afford pro- 
tection to the SH groups in the enzyme against 
inhibition by p-chloromercuribenzoate, but the 
inhibition by the latter cannot be reversed by 
Zn?+ ions. 

Enzyme from zinc-deficient felts required 0-53 um- 
mole of SH to phosphorylate 1 umole of glucose, 
whereas the value for the normal enzyme was only 
0-16 um-mole of SH. Thus it appears that more than 
three times the number of SH groups are required 
in the zine-deficient enzyme, as compared with the 
control enzyme, to phosphorylate the same amount 
of sugar. Zine may be responsible for the activation 
of the SH sites during hexokinase action. 

Yeast hexokinase (Sigma, Preparation II) is 
inhibited by p-chloromercuribenzoate only at 
a much higher concentration (10 mm), and then 
Zn** ions did not afford any protection against the 
inhibitor. 
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Enzyme (fraction 1) was prepared as described in Table 4 and determined as in Methods. PCMB (mm) was incubated 
with 0-1 ml. of enzyme at 4° for 30 min., then 0-05 mm-glutathione (GSH) or 4 yg. of zinc or both were added, followed by 


a further incubation for 30 min. before enzyme assay. 


Enzyme Enzyme 
+PCMB +PCMB +GSH 
Inhibition (%) 68 25 


Enzyme Enzyme 
+PCMB + ZnSO, +PCMB + ZnSO, +GSH 
60 20 


Hexokinase from N. crassa may be another 
example of a zinc metallo-enzyme, and in this 
respect would resemble carboxypeptidase (Vallee & 
Neurath, 1954), yeast alcohol dehydrogenase 
(Vallee & Hoch, 1955) and glutamic dehydrogenase 
(Vallee, Adelstein & Olson, 1955). 


SUMMARY 


1. A hexokinase which phosphorylates glucose 
and, at a lower rate, mannose, fructose and glucos- 
amine has been purified 60-fold from Neurospora 
crassa, Wild type (146). 

2. The phosphorylation product from glucose is 
shown, by chromatographic and enzymic methods, 
to be glucose 6-phosphate. 

3. The enzyme is competitively inhibited by 
N-acetylglucosamine. 

4. The enzyme is inhibited by sodium ethylene- 
diaminetetra-acetate, iodoacetate and -chloro- 
mercuribenzoate. The inhibition by the last com- 
pound is reversed by reduced glutathione. 

5. Zine deficiency in the mycelial felts reduced 
hexokinase activity. The enzyme activity was 
brought up to 90 % of the control mats within 12 hr. 
after adding Zn?+ ions to the zinc-deficient culture 
medium. The enzyme prepared from zinc-deficient 
felts was activated to about 30% of the normal 
activity, by adding Zn?+ ions to it in vitro, but not 
zinc ethylenediaminetetra-acetate. 

6. Zinc sulphate gave some protection to the SH 
groups in the enzyme from inhibition by p-chloro- 
mercuribenzoate, but the metal did not reverse the 
inhibitory effect if added after the inhibition. 

7. The possible role of zinc in hexokinase action 
is discussed. 

One of us (A.M.) is indebted to the British Council for 
a scholarship which made participation in this work 
possible. 
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The Absorption of *'I-Labelled Homologous and Heterologous 
Serum Proteins fed Orally to Young Rats 


By D. R. BANGHAM anp R. J. TERRY 
National Institute for Medical Research, Mill Hill, London, N.W.7 


(Received 17 October 1956) 


The transference of passive immunity from mother 
to offspring has been shown to take place in un- 
gulates almost exclusively by absorption of anti- 
bodies from the colostrum and milk; in man, rabbit 
and guinea pig almost entirely in utero, and in dog, 
rat and mouse by both means (see Brambell, 
Hemmings & Henderson, 1951). 

Young rats suckled by hyperimmune mothers 
have been shown to be resistant to infection with 
Trypanosoma lewisi (Culbertson, 1938) and with 
Plasmodium berghei (Bruce-Chwatt & Gibson, 
1956; Terry, 1956). With immunological methods, 
Halliday (1955) demonstrated homologous aggluti- 
nating and precipitating antibodies in the blood of 
suckling rats which had been given immune sera by 
stomach tube. The inference is that these globulin 
molecules have been absorbed whole and unchanged 
by the gut. The present paper describes a quanti- 
tative and qualitative investigation into the 
absorption of 1*1I-labelled serum proteins by young 
rats of various ages. 


EXPERIMENTAL 


All rats used in these experiments were of the N.I.M.R. 
hooded strain. The heterologous sera were obtained from 
a Himalayan rabbit and a rhesus menkey. The various sera 
were iodinated by the jet method of McFarlane (1955) with 
not more than 0-5 atom of 181I/molecule. Batches of 4-10 
young rats, 7, 14 and 21 days’ old, were used in the feeding 
experiments ; wherever possible, all rats in any one batch were 
litter mates. The mothers were given Nal (0-02 %) as carrier 
in their drinking water for 3 or 4 days before the start of the 
experiment and until its end. The young rats were removed 
from their mothers and weighed 1 hr. before feeding. 
Feeding and collection of blood. Each young rat received 
a dose containing 4-25 mg. of total iodinated serum proteins 
(15-30 uc) in 0-15 ml. given by stomach tube. There was no 
difficulty in feeding the 14- and 21-day-old rats and, with 
practice, about 80% of the feeds to 7-day-old rats were 
successful. When the tube passed into the trachea instead 
of the oesophagus the fault was at once apparent; the young 
rat turned pale and collapsed. The animals were rejected 
where there was any doubt of the dose not having passed 
directly into the stomach. After feeding, the rats were 
returned to their mothers. In most experiments 3 hr. later, 
and in one series 24 hr. later, the rats were anaesthetized and 
their blood was collected. Especial care was taken to collect 
blood only by clean heart puncture and also to avoid 


haemolysis. The blood from each batch of rats was pooled 
and allowed to clot. 

Separation and assay of proteins. The sera were dialysed 
against distilled water at a pressure of 60 mm. Hg at 2° for 
24 hr. and then loaded on to an electrophoretic column 
(Flodin & Porath, 1954). The column (43 cm. x3 cm.; 
cellulose treated with acetyl chloride and ethanol, in 
phosphate—borate buffer, pH 8-4, J 0-1) was developed for 
48 hr. at 30 ma (approx. 500v). After 32 hr. a dialysing sac 
was attached to the lower end of the column to collect the 
albumin, which was allowed to migrate off the column into 
the sac. The globulins were eluted in 3-3 ml. fractions at a 
rate of approx. 10 ml./hr. These fractions were assayed for 
optical density at 280 my in a Hilger Uvispek spectrophoto- 
meter, and for radioactivity for a minimum of 2000 counts 
in a well-type scintillation counter whose background was 
400 counts/min. The albumin recovered from the sac was 
made up to 25 ml., and 3 ml. of this was counted. The dose 
serum was assayed for radioactivity by counting 3 ml. of a 
1% dilution. 

Calculation of results. The counts, corrected for back- 
ground, for the albumins and globulins were added up and 
adjusted for the total theoretical blood volumes of the rats 
in the batch. The relation between body weight and 
blood volume [blood volume =0-099(body weigh)®*] was 
obtained from Chisholm (1911) and was calculated for each 
individual rat. The total activity contained in the dose 
serum was divided into that due to the albumin and that 
due to the globulins. The ratio albumin activity: globulin 
activity was obtained by fractionating the dose serum (see 
below) and was found to be 4-1: 1. This ratio was used in all 
subsequent calculations. Thus the percentages of the 
albumin and total globulins in the dose serum which were 
absorbed by the young rats could be calculated for each 
batch. 

Possible sources of error. The uniformity of the dosing was 
investigated in a series of twenty-four rats by measuring the 
total body radiation of the individual animals in a ring 
counter. The count rate varied by less than 1 % in the series. 
The introduction of the dose anywhere except into the 
stomach would enable the albumin to be absorbed readily 
into the blood stream ; that this did not occur is shown by the 
extremely low activity in the recovered albumin fractions 
(Table 1). Further errors of approximately 5-10% may 
have occurred in the measurement, handling and dialysis 
of the serum. A quantitative elution from the column is 
assumed since the cellulose had already been equilibrated 
with young and adult rat serum during previous electro- 
phoretic separations. It should be noted that there is a 
small constant amount of radioactivity in the globulin 
fraction of the curve for the 21-day-old rats (Fig. 2a). We 
do not know the significance of these counts and we have 
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not taken them into account in the calculation of the results. 
We have been unable to find figures relating body weight to 
blood volume in the young rat other than the formula of 
Chisholm (1911) mentioned above. These figures may well 
need modification in the light of modern methods of 
determination of blood volume. 


RESULTS 
Iodination of the dose serum proteins 

Before undertaking the feeding experiments it was 
necessary to investigate the uniformity of the 
iodination of the serum proteins which constituted 
the dose. Accordingly, 3 ml. of iodinated whole 
adult rat serum was fractionated on the column 
under the conditions stated above. The albumin was 
collected in bulk and a 3 ml. sample assayed for 
radioactivity. The eluate containing the globulin 
fractions was assayed for optical density and radio- 
activity; the curves for these properties are shown 
in Fig. 1. The high degree of correspondence 
between the curves indicates that the iodination of 
the globulins has been uniform. The albumin had 
a total count rate of 46-8 x 10° counts/min., and 
the pooled globulins one of 11-4 x 10° counts/min. 
This ratio of albumin activity to globulin activity 
of 4-1:1 was used in all subsequent calculations. 


Feeding of homologous serum proteins 

The results of assaying the globulin fractions of 
the sera of rats 7, 14 and 21 days’ old, fed with 
iodinated whole adult rat serum and bled 3 hr. 
later, are shown in Fig. 2. The optical-density 
curves for all sera of suckling rats show that these 
sera contain a large amount of B-globulin with little 
«- or y-globulin; this is in contrast with the curve 
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for the adult serum (Fig. 1). The radioactivity 
curve for the serum of the 21-day-old rats (Fig. 2a) 
did not correspond to any portion of the curve for 
the adult serum, but was a straight line just above 
background. This result indicates that no significant 
amount of any adult globulin fraction had been 
absorbed at this age. In contrast, the radioactivity 
curves for the sera of 7- and 14-day-old rats show 
well-defined peaks corresponding to the y-globulin 
fraction of the adult serum (Fig. 2b, c). The 
calculated percentage absorption of albumin and 
total globulins for each age group is shown 
in Table 1. Apparently little albumin is absorbed 
at any of the ages studied, and the globulin 
absorbed by 7- and 14-day-old rats is almost 
exclusively y-globulin. 

In a second series of experiments, bleeding was 
deferred until 24 hr. after feeding with homologous 
serum. Because of the close correspondence 
between the results obtained previously for 7- and 
14-day-old animals, only 14- and 21-day-old rats 
were used in this series. The results were similar to 
those obtained when blood was taken 3 hr. after 
feeding: a definite peak of radioactivity in the 
y-globulin fraction of the 14-day-old rats and a 
straight line, not significantly above background, 
for the 21-day-old rats. However, the average 
percentage of labelled globulins found in the serum 
was less than a third of that found at the end of 
3 hr. (Table 1). This result is probably explained by 
the equilibration of the absorbed globulins between 
the plasma and the extravascular pool. In the 
adult rat the extravascular pool has been shown 
to contain about one-and-a-half times as much 
globulin as the plasma (Campbell, Cuthbertson, 
Matthews & McFarlane, 1956). 
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Fig. 1. Column-electrophoresis eluate of whole adult rat serum, labelled with ™I by the jet method (McFarlane, 1955), 
which was used for the dose material. The dose correspondence of radioactivity with protein content indicates 
uniform labelling throughout the range of globulins. The albumin migrated off the column and was collected and 
measured separately. ——, Optical density; @——®, radioactivity. 
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Fig. 2. Column electrophoresis eluate of serum obtained from suckling rats 3 hr. after a dose of the labelled serum shown 
in Fig. 1. (a) Pooled blood from four rats 21 days’ old. There is a small constant amount of radioactivity which 
does not correspond with any protein peak. (b) Pooled blood from six rats 14 days’ old; (c) pooled blood from 
ten rats 7 days’ old. It can be seen that 60-70% of the labelled protein present is y-globulin. Fig. 2 (6) shows the 
commonest pattern. It should be noted how little y-globulin is present in the serum of these young rats. ——, Optical 


density; @—®, radioactivity. 
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Table 1. Amount of labelled albumin and globulin found in the blood of 7-, 14- and 21-day-old rats, 3 and 24 hr. 
after the animals had been fed with whole adult homologous and heterologous 1*"I-labelled sera 


Amount of fed Amount of fed 
albumin found globulins found 


Age of Species of Time of in the blood in the blood 
recipient rats No. of rats labelled bleeding (%) (%) 
(days) in group serum given (hr.) (A) (B) BIA 
7 10 Rat 3 1-79* 8-80 4-91 
3 0-13 3-90 29-6 
3 0-12 6-42 52-6 
Rabbit 3 0-06 1-93 31-5 
Monkey 3 0-06 2-77 45-1 
14 6 Ratt 3 0-07 4-82 71:3 
3 0-28 12-6 45-4 
3 0-07 8-85 131-0 
24 0-08 3-26 40-7 
24 0-05 1-51 30-2 
Rabbit 3 0-16 2-74 17-5 
Monkey 3 0-05 0-32 6-65 
3 0-06 6-34 105-2 
21 4 Rat 3 0-04 <0°5 
3 0-07 <0°5 
3 0-08 <0°5 _ 
24 0-17 <0°5 
Rabbit 3 0-04 <0°5 _ 
Monkey 3 0-02 <0°5 _ 


* Tn view of the constantly low figures for the percentage of albumin absorbed, this figure may have been high owing to 
an erroneous misplacing of the dose. 

t The difference in the average amount of protein found in the blood of 14-day-old rats at 3 hr. (A, 0-14%; B, 88%) 
and 24 hr. (A, 007%; B, 239%) is probably due to equilibration of these proteins between the intra- and extra-vascular 


spaces. 


Feeding of heterologous serum proteins 


When ™'I-labelled rabbit and monkey sera were 
fed to suckling rats, the results obtained were 
qualitatively the same as when homologous serum 
was fed. In no case was much albumin absorbed 
and the 21-day-old rats did not absorb significant 
quantities of globulins. The globulins absorbed by 
7- and 14-day-old rats again showed a peak in the 
y-globulin fraction, but the calculated percentage 
absorption was, in general, less than that for homo- 
logous protein (Table 1, rabbit and monkey). 
A considerable variation was found between 
different litters. 


DISCUSSION 


The interpretation of our results rests on the 
assumption that these iodinated proteins behave 
physiologically as normal unlabelled proteins. This 
question has been studied in detail by McFarlane 
(1955) and by Cohen, Holloway, Matthews & 
McFarlane (1955), who found that plasma proteins 
iodinated by this technique behaved exactly like 
M4C-labelled proteins as regards their rate of elimi- 
nation and equilibration between the plasma and 
the extravascular pool; in experiments where 


iodinated plasma proteins were fed to adult rabbits, 
no iodinated product of protein digestion was in- 
corporated to any detectable extent into plasma 
protein synthesized within 40-60 hr. of isotope 
administration. On this evidence we believe that 
the iodinated protein recovered from the blood of 
suckling rats represents at least a minimum of the 
undenatured protein absorbed. It is conceivable 
that a certain proportion of absorbed proteins 
becomes partially denatured during their ab- 
sorption. However, we have carried out experi- 
ments to determine the rate of breakdown of 
absorbed protein and we find (Bangham & Terry, 
1957) that, at least 4 days after feeding, there is 
an exponential elimination comparable with that 
of the same proteins in the adult rat (Campbell e¢ al. 
1956). 

Our finding that 1I-labelled globulin is absorbed 
unchanged from the gut of the suckling rat up to the 
age of 21 days (an age when they are normally 
weaned) is in agreement with the result obtained 
previously by immunological means (Halliday, 
1955). The use of isotopically labelled proteins has 
made this study quantitative. An average of 
7-5 % of the homologous globulins fed to the 7- and 
14-day-old rats was absorbed within 3 hr. It can be 
seen from the curves of radioactivity in Fig. 26 
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and c that y-globulin may be 60-90 % of the total 
absorbed globulin. With a dose of 4:25 mg. of total 
adult serum proteins this represents the passage of a 
considerable quantity of y-globulin across the gut. 
Unless the ratio of the extravascular to the intra- 
vascular pool in these young rats is markedly 
different from that in adult rats, there is little or 
no further absorption of globulins after 3 hr. Our 
results also confirm Halliday’s observation that 
homologous antibody was absorbed more readily 
than heterologous antibodies, although our results 
showed a wide variation. The preferential trans- 
ference of homologous (as opposed to heterologous) 
antibody from mother to offspring has also been 
shown to occur in utero in the rabbit (Brambell, 
Hemmings, Henderson & Rowlands, 1950; Cohen, 
1950). 

The curves shown in Fig. 26 and c indicate that 
the over-all effect of feeding a mixture of serum 
proteins to 7- and 14-day-old rats is that the y- 
globulin is selectively absorbed unchanged into the 
blood stream. This may be due to the susceptibility 
of the other serum proteins to the pH and proteolytic 
conditions present in the gut. In this context the 
work of Hill (1956) is of interest. He showed that 
the stomach of the suckling rat retains an embryonic 
type of mucosal lining, which is composed of low 
cuboidal cells; that the pH of the stomach contents 
is constantly about 7, and that no pepsin is secreted. 
When the rat is 18-21 days’ old the stomach mucosa, 
pH and pepsin secretion rapidly change to that 
found in the normal adult animal. On the other 
hand, the selection of y-globulin may represent a 
real specific absorption of antibody. The only 
organ which has previously been shown to be 
capable of this discrimination is the mammary 
gland of ungulates (Askonas, Campbell, Humphrey 
& Work, 1954). These workers demonstrated that 
the immune globulins in the colostrum of goats were 
derived from the serum globulins and that these 
proteins were present in the colostrum in several 
times their concentration in the serum. In order to 
study the mechanism of the absorption by the gut 
of whole unchanged protein molecules, it would be of 
interest to compare our findings with a study of the 
absorption of the more stable of the milk proteins, 
such as the lactoglobulins. 


SUMMARY 


1. Three hours after feeding with homologous 
1]-labelled whole adult rat serum, the blood of 
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suckling rats 7 and 14 days’ old contained significant 
amounts of labelled globulins, amounting to 
about 7-5 % of the globulins contained in the dose 
serum. 

2. When bleeding was deferred until 24 hr. after 
feeding, about 2-4% of the globulins in the dose 
serum could be detected in the blood. This lower 
figure was probably due to the equilibration of the 
absorbed globulins between the plasma and the 
extravascular pool. 

3. Rats which were 21 days’ old at the time of 
feeding (an age when they are normally weaned) 
absorbed less than 0-5 % of the globulins contained 
in the dose serum. 

4. In rats of all ages very little labelled albumin 
(0-2 %) could be detected in the blood 3 and 24 hr. 
after feeding. 

5. Similarly, 7- and 14-day-old rats when fed 
with labelled whole adult rabbit or monkey serum, 
absorbed significant but smaller amounts of 
globulin and very little albumin. 


We wish to thank Mr R. C. Holloway and Mr D. Hart for 
carrying out the iodination of the sera, and Miss V. M. Smith 
and Mr K. R. Hobbs for valuable technical assistance. 
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The Survival of Globulins Absorbed from the Gut in Suckling Rats 
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(Received 17 October 1956) 


During an investigation on the absorption of 11I- 
labelled serum proteins fed orally to young rats 
(Bangham & Terry, 1957), we found that suckling 
rats appeared to absorb about 7-5% of the fed 
homologous globulins but less than 0-2% of the 
albumin. Heterologous globulins were also ab- 
absorbed but, in general, to a lesser extent than 
homologous globulins. The purpose of this present 
investigation was to compare the rate of breakdown 
of the absorbed 11J-labelled proteins with that of 
serum proteins injected intraperitoneally into 
suckling rats. 


EXPERIMENTAL 


Hooded-strain (N.I.M.R.) rats were used in all these experi- 
ments: heterologous serum was obtained from a rhesus 
monkey. All sera were iodinated by the jet method of 
McFarlane (1955) with not more than 0-5 atom of 1%1J/ 
molecule of protein. Batches of 8-10 young rats, 7, 14 and 
21 days’ old, were used in these studies. Their mothers were 
given Nal (0-02%) as carrier in their drinking water for 
3 days before the start of the experiment and until its end. 
The litters were kept with their mothers in metabolism 
cages; the young rats were not washed before their radio- 
activity was measured. 

In each experiment, half of the rats in each age group 
received a dose of 4-25 mg. of labelled protein (15-30 uc) by 
mouth (Bangham & Terry, 1957); the other half of the 
group received an equivalent dose by intraperitoneal in- 
jection. Immediately after dosing, the total body radiation 
was measured in a ring counter whose background was 
approximately 500 counts/min. (Campbell, Cutherbertson, 
Matthews & McFarlane, 1956). Initially, counts were made 
on individual rats in order to investigate the uniformity of 
the dosing; thereafter the counts (minimum 4000 counts) 
were made on each batch of rats daily or every second day. 
The counts, corrected for background and decay, were 
plotted on semilogarithmic paper as a percentage of the 
initial count rate. 

During the period of the experiment, the young rats 
increased in weight and it was thought possible that in- 
creasing self-absorption might significantly affect the 
count rate. There was, however, no significant self-absorp- 
tion (change in count rate) of a standard dose in a volume of 
saline equivalent to the weight of the smallest rats at the 
beginning, or the largest rats at the end, of the experiment. 

In order to determine how the residual radioactivity was 
distributed at the end of the period of observation, the 7- 
and 14-day-old rats that had been fed or injected with 
homologous serum were killed after 32 days, and the activity 
contained in the thyroids, skins, hair and carcasses was 


measured. The skin was removed completely, except for the 
paws, and pinned out on a board. The hair was removed by 
clipping and gentle treatment with a sulphide depilating 
powder. The hair, skins, thyroids and carcasses were then 
separately dissolved in N-NaOH and the count of a sample of 
the resulting solution was compared with that of a sample 
of the original dose. A well-type scintillation counter 
(background 400 counts/min.) was used and each sample 
counted for at least 4000 counts. 


RESULTS 


Uniformity of the dose. Measurements of total 
body radioactivity, which were made on individual 
rats immediately after dosing, did not vary by 
more than 1 % for the rats in any one group. The 
count rate for the 7-day-old rats which had received 
serum intraperitoneally was the lowest in each 
experiment. This was due to slight leakage of the 
labelled serum at the site of injection. Nevertheless, 
measurements between groups varied by less than 
5%. 

Homologous serum. The curves of the logarithm 
of the total body radioactivity plotted against time 
for those groups of rats receiving ™1J-labelled 
homologous rat serum intraperitoneally are shown 
in Fig. 1. Over the first 10-11 days the curve 
approximates to a straight line. As the dose con- 
sists of a number of different serum proteins, each 
having different half-lives, the decrease in activity 
with time would not be expected to be exactly 
exponential. The estimated half-life of this mixture 
is, however, about 3-8 days for both 7- and 14-day- 
old rats and 3-2 days for the 21-day-old rats. 

The curves for the rats receiving the same labelled 
serum by mouth (Fig. 2) show a steep fall during the 
first 5 days. This is due to the rapid clearance of 
1317, which is removed from proteins apparently 
broken down in the gut. From 5 to 15 days the rate 
of decrease in total body radioactivity is approxi- 
mately exponential for rats in all three age groups. 
The estimated half-life in the 7- and 14-day-old 
rats is about 5-2 days. This represents the half-life 
of selectively absorbed adult y-globulin, and is 
approximately the same as that found in adult 
animals. The curve for the 21-day-old rats has 
a half-life of about 4-2 days, and represents the 
turnover of a very small amount of both globulin 
and albumin. 


Percentage of original 
total body radioactivity 


Fig. 


Fig. 


584 Vol. 
H 
radi 
mou 
Fig. 
the 
the 
27 « 
one 
line 
F 
= to t 
2 fron 
4 
Fig. 
Fi 


=> 


Vol. 66 


Heterologous serum. The curves of total body 
radioactivity for those batches of rats receiving 
labelled monkey serum intraperitoneally and by 
mouth are shown in Figs. 3 and 4 respectively. 
Fig. 3 shows an exponential decrease over the first 
10 days for each batch, although the half-life for 
the 7- and 14-day-old rats is about 2-7 days, and for 
the 21-day-old rats about 1-9 days. From 15 to 
27 days the curves, although now separated from 
one another, run roughly parallel in straight 
lines. 

Fig. 4 shows that after the preliminary drop due 
to the clearance of iodide, there is again a period of 
from 4 to 10 days when the slope is approximately 
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exponential. The half-life of monkey y-globulin in 
7-day-old rats is 4-7 days, which is reasonably close 
to that for homologous y-globulin. In 14-day-old 
rats the half-life is 8-0 days, a figure greater than 
any other previously obtained. While there may be 
several interpretations for this difference in half- 
life in 7- and 14-day-old rats, it is at least evident 
that the heterologous globulin is not catabolized 
more rapidly in the orally fed animals than in the 
injected ones. The reason for the longer half-life 
remains to be further investigated. 

The 21-day-old rats either did not absorb a 
measurable amount of protein, or if they did it was 
catabolized almost at once. 
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Fig. 1. Curves of total body radioactivity of batches of rats receiving 1*1I-labelled homologous serum by intraperitoneal 
injection. A, 7-day-old rats (group of five); @, 14-day-old rats (group of five); m, 21-day-old rats (group of four). 

Fig. 2. Curves of total body radioactivity of batches of rats fed orally with 11I-labelled homologous serum. A, 7-day-old 
rats (group of five); @, 14-day-old rats (group of five); m, 21-day-old rats (group of four). 
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Fig. 3. Curves of total body radioactivity of batches of rats receiving !*1I-labelled monkey serum by intraperitoneal 
injection. A, 7-day-old rats (group of five); @, 14-day-old rats (group of five); m, 21-day-old rats (group of four). 


Fig. 4. Curves of total body radioactivity of batches of rats fed orally with !"I-labelledymonkey serum. A, 7-day-old 
rats (group of five); @, 14-day-old rats (group of five); ™, 21-day-old rats (group of four). 
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Table 1. Distribution of radioactivity remaining after 32 days in rats 7 and 14 days’ old 
which had been fed or injected with homologous whole adult *1I-labelled serum 


Each value was obtained from the pooled material from a group of four rats. Some of the activity found in the skin 


fraction may represent a small residue of hair left on the skins. No explanation can be offered for the higher percentage 
of the dose remaining in the skinned carcass in the injected rats. ‘Carcass’ indicates whole body minus thyroid, skin and 


hair. 

Age when Percentage 
dosed of dose 
(days) Route of dose remaining 

7 Oral 3-9 
14 Oral 41 
7 Intraperitoneal 3:3 
14 Intraperitoneal 3-7 


Percentage of remainder of dose in 
A 


= 
Skinned 
carcass Skin Hair Thyroid 
5-0 9-8 75 
73 5-7 71:3 15:7 
21-6 10-3 62-8 5:3 
15-5 5-7 73-9 4-9 


Residual activity. Although sodium iodide was 
given as carrier in all these experiments, the curves 
of retained radioactivity all flatten out after 
12-15 days to a slope with a much longer half-life. 
Table 1 shows the percentage of the original dose 
present in the hair, skin, thyroid and the rest of the 
earcass 32 days after dosing with homologous 
proteins. The only difference in distribution 
between the group fed with serum and that re- 
ceiving serum by injection is in the higher activity 
found in the rest of the carcasses of the latter. The 
hair contained about 70% of the total residual 
activity, which was, on average, nine times as much 
as that in the thyroid. The rest of the carcass 
contained on average 12 times as much as the 
thyroid. 


DISCUSSION 


Campbell et al. (1956) have shown that the total 
body radioactivity, as measured with a ring 
counter, of a normal adult rat which has been given 
a single undenatured homologous serum protein 
labelled with 1*1I may be used to study the rate of 
breakdown of the protein. The curve for total body 
radioactivity plotted against time showed a true 
exponential rate of decline. They found that the 
half-lives of homologous albumin and y-globulin 
obtained in this way were about 3-3 days and about 
6-6 days respectively in their rats. 

We have used this method to study the rate of 
catabolism of the y-globulin which is absorbed by 
the gut of suckling rats. After an initial steep drop 
during the first 5 days the total body radioactivity 
of these suckling rats showed an exponential rate of 
decline with a half-life of 5-2 days (Fig. 2). When 
a mixture of normal homologous 1"I-labelled 
proteins was injected into these rats the curve was 
no longer exponential, owing to the different rates 
of catabolism of albumin and the globulins, but the 
slope was steeper than that for the rats which had 
absorbed globulin. Furthermore, the heterologous 
(monkey) y-globulin, which was similarly selectively 
absorbed from the gut, appeared to survive at 


least as long as, or longer than, the homologous 
y-globulin. The similar survival of monkey-serum 
proteins injected intraperitoneally into 7- and 14- 
day-old rats provides another example of the 
known inability of very young animals to form 
antibody to the foreign protein administered. 
Monkey-serum proteins were rapidly eliminated 
when injected into the 21-day-old rats which were 
then old enough to become immunized to them. 
With this technique, there are several factors 
that confuse the curves for the orally fed rats: 
(1) Owing to the digestion or denaturation of the 


unabsorbed proteins, there is a large excess of 


inorganic iodide, the excretion of which in the first 
5 days accounts for the steep drop in the curve 
during that time. (2) There was a large variation in 
growth rate within groups and between groups of 
rats. In such rapidly growing animals there are 
presumably rapid changes in the relative and 
absolute size of the intra- and extra-vascular and 
lymph spaces of these proteins, all of which may 
affect their rate of breakdown. (3) The mother 
ingests some urine and faeces when tending her 
young, and she then excretes inorganic iodide in the 
milk. (4) Adult serum proteins may be metabolized 
at a rate different from that in the adult animal. 
(5) The slow excretion rate from the 15th to the 
27th day represents 11I retained in the hair (see 
Table 1). This fraction is a small absolute percentage 
of the dose administered but, on account of the 
slow rate of loss, by the end of the month it repre- 
sents 70% of the total activity remaining, and has 
by then completely changed the slope of the curve. 


Leblond (1954) investigated the distribution of 
radioactivity after the injection of [1*!I]iodide in | 


rats. He found similar retention of activity in the 
hair, of which about 80 % was present as iodide, and 
none as any of the thyroid hormones. We have found 
that iodide accounted for about 75% of this 
activity. Contamination of the hair with ™I 
excreted as iodide in the urine may account for 
some of this activity, although there was very 
little left in the 21-day-old rats (Fig. 2). These older 
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rats, however, do live a more independent life 
than the younger rats, which are continually 
tended by their mother. It is of interest to note the 
small amount of activity present in the thyroid. 

Despite these complicating factors, however, the 
middle parts of the curves (Fig. 2, 5-15 days) are 
exponential and, we believe, represent a constant 
rate of breakdown of the absorbed protein over this 
time. Little is known of the behaviour of normal, or 
denatured or heterologous proteins in rats of this 
age, and the degradation of denatured protein may 
normally proceed at a rate quite different from that 
in the adult rat. Nevertheless, we believe that the 
cumulative evidence of the demonstration of 
immunologically active antibodies absorbed from 
the gut (Halliday, 1955; Halliday & Brambell, 
1956), together with the demonstration in the 
serum of 151J-labelled protein which moves electro- 
phoretically in the position of y-globulin (Bangham 
& Terry, 1957), suggests that what we have been 
observing in these animals is the catabolism of this 
absorbed antibody y-globulin. This y-globulin, 
which has been absorbed selectively by the gut of 
these suckling rats, has then preserved its immuno- 
logical, electrophoretic and metabolic properties 
as a protein. 


SUMMARY 


1. The survival of homologous and heterologous 
whole adult 1*1I-labelled serum proteins which have 
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been absorbed from the gut or injected intraperi- 
toneally in rats 7, 14 and 21 days’ old has been 
studied by measuring the total body radioactivity 
with a ring counter. 

2. The survival time of the homologous protein 
absorbed (60-90 % y-globulin) in 7- and 14-day-old 
rats is approximately the same as that of y-globulin 
injected into adult rats. 

3. The survival time of heterologous (monkey) 
serum protein absorbed in 7- and 14-day-old rats is 
at least as long as or longer than that of homologous 
serum protein absorbed. 

4. It is inferred from these results that some of 
the y-globulin is not denatured during its absorption 
from the gut into the blood stream. 

We wish to thank Dr C. M. Matthews for much helpful 
discussion, Mr R. C. Holloway and Mr D. Hart for the 
iodination of the sera, and Miss V. M. Smith and Mr K. R. 
Hobbs for their valuable technical assistance. 
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Studies on the Portal Blood of Sheep 
1. ABSORPTION OF AMMONIA FROM THE RUMEN OF THE SHEEP 
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During recent years there has been considerable 
interest in the nitrogen metabolism of ruminants, 
and in the role of rumen micro-organisms in protein 
digestion. It has become increasingly evident 
during investigations on various aspects of protein 
breakdown and synthesis that the microbial activi- 
ties in the rumen are not always advantageous to the 
host animal. In particular, the breakdown of food 
protein to ammonia in the rumen may lead to an 
appreciable loss of nitrogen to the animal. McDonald 
(19482) focused attention on this problem when he 
showed the importance of ammonia production in 
protein degradation and the ready absorption of 
ammonia from the rumen of the anaesthetized 
sheep. Chalmers, Cuthbertson & Synge (1954) have 
confirmed this finding, again on anaesthetized 
sheep. However, little attention has been given to 


the quantitative relationship between the ammonia 
concentration in the rumen and in portal blood or to 
the measurement of the loss of dietary nitrogen in 
the form of ammonia. 

In the experiments to be described it was shown 
that there was a correlation between rumen and 
portal-blood ammonia over a wide range of rumen- 
ammonia concentrations. Leakage of ammonia 
through the liver into the systemic circulation 
occurred at relatively low portal concentrations. 
At higher rumen-ammonia levels it was possible to 
correlate rumen-, portal- and _ peripheral-blood 
ammonia and to relate the levels to the onset and 
development of toxic symptoms. 

A preliminary account of some of this work 
has been published (Annison, Hill & Lewis, 
1955). 
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EXPERIMENTAL 
Animals and surgical techniques 


The main experiments were carried out on five adult Clun 
Forest sheep and additional observations were made on 
five other sheep. Each animal was stall-fed for at least 
2 months before any experiment. During this period an 
exteriorized loop of the carotid artery and a rumen fistula 
were prepared in each animal. At a subsequent operation 
a wide-bore polythene catheter (3mm. external diam., 
1-5 mm. internal diam.) was introduced into the portal vein 
through the wall of the portal vein itself, or through the 
substance of the caudate lobe of the liver and into the 
branch of the portal vein supplying that lobe, or through the 
main intestinal trunk of the anterior mesenteric vein. 
Irrespective of the method of insertion the catheter was 
always anchored with its tip resting at the porta hepatis and 
with its free end, after it had passed through the body wall, 
sutured to the skin. When not in use the catheter was filled 
with heparin-saline (1000 units/ml. of 0-9% NaCl) and was 
washed through with heparin-saline at frequent intervals. 
This method of obtaining portal blood, a full description of 
which is to be published elsewhere, allows large samples 
(20-30 ml.) of blood to be withdrawn rapidly and at frequent 
intervals. This is of importance when analyses such as the 
estimation of the individual volatile fatty acids of portal 
blood are required. The disadvantage of the method is that 
blockage of the catheter usually occurs after 1-3 weeks. 


Chemical methods 


Blood ammonia. This was estimated by a modification of 
the method of Conway & Cooke (1939). Within 20 sec. of the 
withdrawal of the blood 1 ml. volumes were delivered into 
the Conway vessels directly from 5 ml. syringes. The 
delivery limits were from points at which one side of the 
groove holding the plunger spring were adjacent to one edge 
of the syringe-barrel calibration marks. Syringes were 
discarded if the mean volume delivered was above 3% from 
the theoretical volume: the quantities from any one syringe 
were consistent within +2%. The corrections of Conway 
(1950) were applied for the ammonia not released in the time 
allowed for diffusion (20 min.), for the rate of diffusion from 
blood as compared with water and for the volatile alkaline 
material liberated from blood by the action of alkali. The 
correction values were obtained with human and rabbit 
blood; on repeating the procedures with sheep blood no 
significant differences were found. With this procedure and 
these corrections the concentration of ammonia found in the 
arterial blood of sheep was always less than 0-1 m-mole/I. 
and usually less than 0-05 m-mole/l. under normal feeding 
conditions. These findings and also recovery values of 
95-105 % for ammonia added to blood indicate that the 
method gives satisfactory results. It is estimated that when 
the ammonia concentration is above 0-2 m-mole/l. the 
method is accurate to + 6-8 %, but larger errors may occur 
at lower ammonia concentrations. 

Blood urea. This was estimated by the Conway method 
with the urease—phosphate preparation from jack-bean meal 
(Arlington Chemical Co., New York). The technique 
described by Conway & O’Malley (1942) was used: the 
urease was allowed to act for 20 min. and ammonia released 
with potassium metaborate as the alkaline reagent. 
Corrections were applied for ammonia from other sources 
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and for that which did not diffuse out in 40 min. : the errors 
probably do not exceed +3-5%. 

Ammonia in rumen contents. This was estimated by a 
modification of the Conway (1950) method, described by 
McDonald (19485). 


RESULTS 


A number of experiments were carried out on sheep 
which received diets that gave rise to varying 
amounts of ammonia during fermentation in the 
rumen. Each animal was deprived of food for a short 
period (18-24 hr.) before an experiment started, to 
allow the rumen-ammonia concentration to attain 
a steady but slowly decreasing level. Samples of 
portal blood, peripheral (arterial or venous) blood 
and of rumen contents were taken, and the sheep 
was then fed with its usual ration. On some 
occasions when the sheep ate slowly the ration was 
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Fig. 1. Portal-blood ammonia with high (A), medium (B) 
and low (C) rumen-ammonia concentrations. @, Portal- 
blood ammonia; O, rumen-contents ammonia; A, 
blood urea (carotid artery in A, jugular vein in B, portal 
vein in C); ©, peripheral-blood ammonia (carotid 
artery in A, jugular veinin Band C). Expt. A: sheep was 
fed at 0-5-1-5 hr. with 300 g. of hay and 40 g. of casein; 
at 1-5 hr. 75 g. of casein hydrolysate in 300 ml. of water 
were placed in the rumen. Expt. B: sheep was fed at 
1-3 hr. with 500 g. of hay and 70 g. of casein. Expt. C: 
sheep was fed at 0-1-5 hr. and consumed 150 g. of straw, 
25 g. of sucrose, 40 g. of starch, 5 g. of molasses and 10 g. 
of salt mixture. Also at 1-5hr., 200g. of starch in | 
300 ml. of water was placed in the rumen. 
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supplemented by adding casein hydrolysate to the 
rumen through the fistula. Estimations of the 
ammonia and urea concentrations of portal and 
peripheral blood and of ammonia in rumen contents 
were made in each experiment. 

Fig. 1 illustrates three such experiments in which 
the sheep received diets leading to high, medium 
and low rumen-ammonia levels. In Expt. 1A 
a casein supplement was given, in Expt. 1B a 
smaller amount of casein was fed and in Expt. 1C 
the sheep was fed on a special diet (McDonald, 
unpublished ; see Annison, 1956) containing appreci- 
able quantities of readily fermentable carbohydrate 
which reduced the rumen-ammonia concentration 
(McDonald, 1952; Chalmers & Synge, 1954). In 
each of these experiments changes in rumen- 
ammonia concentration were paralleled by changes 
in portal-ammonia concentration, although the 
actual ammonia concentrations in the rumen and in 
the portal blood differed widely. In no experiment 
was there any significant change in the ammonia 
content of the arterial blood. There was no indica- 
tion of any significant differences between the urea 
concentration in portal and peripheral blood. There 
did, however, seem to be some correlation between 
the rumen-ammonia level and the blood-urea con- 
centration. Thus in Expt. 1A, where the rumen- 
ammonia level was high, the blood-urea concentra- 
tion increased gradually towards the end of the 
experiment, whereas in Expt. 1 C, where the rumen 
ammonia was low, no such increase was observed. 
Similar experiments at different levels of rumen- 
ammonia concentration followed essentially the 
same pattern. A more detailed investigation of the 
factors controlling blood-urea concentration is to be 
published elsewhere (Lewis, 1957). 

During the course of these experiments where 
widely varying concentrations of rumen ammonia 
were produced, many simultaneous samples of 
peripheral venous and arterial blood were examined 
for their ammonia and urea content. On some 
oceasions significant differences in the levels were 
observed but no regular pattern emerged. 

On a few occasions the portal-ammonia curve did 
not follow that of the rumen quite so closely as is 
shown in Fig. 1. Thus in the experiment illustrated 
in Fig. 2 the rumen-ammonia concentration in- 
creased rapidly from the start of feeding, attained 
its peak about 2 hr. later and declined relatively 
slowly over the next 6 hr. The portal-blood ammonia 
concentration, on the other hand, showed a distinct 
lag period of about 2 hr. before any increase in 
ammonia content occurred. A clear lag period was 
observed also in one other experiment, and in 
a third experiment a slight lag occurred. 

No significant increase in the ammonia concentra- 
tion of peripheral blood was detected in any of the 
above experiments, although relatively high 
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(60 m-moles/l.) rumen-ammonia levels were ob- 
tained on a number of occasions. Since there is some 
evidence that in sheep and cattle ammonia can pass 
beyond the liver and enter the systemic circulation 
(Dinning, Briggs, Gallup, Orr & Butler, 1948; Head 
& Rook, 1955; Repp, Hale, Cheng & Burroughs, 
1955), an attempt was made to ascertain whether or 
not there was an hepatic-ammonia threshold in the 
sheep. The results are shown in Fig. 3 of an experi- 
ment in which, after a short control period, the 
ammonia content of the rumen was increased step- 
wise by the repeated addition of an ammonium 
acetate solution through the rumen fistula. Samples 
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Fig. 2. Lag period in increase in portal-vein ammonia 
concentration. @, Portal-blood ammonia; ©, rumen- 
contents ammonia; [, jugular-vein ammonia; A, 
jugular-vein urea. Sheep was fed at 0-75-2-0 hr. and ate 
300 g. of straw, 100 g. of sucrose, 70 g. of starch, 100 g. of 
casein hydrolysate, 10 g. of molasses and 15 g. of salt 

mixture. No supplement was given. 
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Fig. 3. Portal- and peripheral-blood ammonia following 
increase in ammonia concentration in the rumen. @, 
Portal-blood ammonia; O, rumen-contents ammonia; 
OO, carotid-artery ammonia; A, carotid-artery urea. 
Sheep was not fed. Wt. of sheep, 32kg. Ammonium 
acetate solution (M) was placed in the rumen: 100 m-moles 
at 1, 2 and 3 hr. and 50 m-moles at 4-5 and 5-5 hr. 
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of portal and arterial blood were removed at 
frequent intervals. As was expected from the 
results of the earlier experiments, the ammonia 
concentration of the portal blood increased with 
that of the rumen contents, although at a much 
lower concentration. This agreement was main- 
tained even at the highest concentrations of rumen 
ammonia attained (80 m-moles/l.). No significant 
change in the arterial-ammonia concentration 
occurred until the portal blood contained about 
0-8 m-mole/]. Above this level the arterial-ammonia 
concentration increased at almost the same rate as 
the concentration in portal blood. At about the 
sixth hour of the experiment the sheep became 
somnolent, with slow and stertorous breathing. 
These symptoms were most marked when the 
arterial-ammonia concentration reached 0-4—0-5 m- 
mole/l. and gradually passed off as the blood- 
ammonia content diminished. 

Several other experiments were carried out in 
which the ammonia concentration in peripheral 
blood was determined after adding repeated doses 
of ammonium acetate to the rumen. As the rumen 
concentration reached 60-100 m-moles/l. a slow 
leakage of ammonia occurred into the peripheral 
venous blood, and as the blood concentration 
exceeded 0-6—0-9 m-mole/l. toxic symptoms de- 
veloped. These resembled those described previously 
but became progressively more severe as higher 
blood-ammonia levels were attained, culminating in 
generalized tetany and death. The toxic effects 
observed after the administration of ammonium 
salts are being investigated in more detail, with 
particular attention to the toxicity of the NH,* ion 
and to disturbances in acid—base equilibrium. 
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Fig. 4. Portal-blood ammonia after administration of 
casein hydrolysate into duodenal fistula. @, Portal- 
blood ammonia; ©, rumen-contents ammonia; [, 
carotid-artery ammonia; A, carotid-artery urea. Sheep 
was not fed for 20 hr. before experiment, and at 0-75 hr. 
70 g. of casein hydrolysate in 150 ml. of water was placed 
in the duodenum. 
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Since absorption of ammonia from the small 
intestine may be of significance under certain 
conditions, the results of an experiment in which 
a partial casein hydrolysate (Allen and Hanbury 
Ltd., Bethnal Green, London: N, 12-7%; free a- 
amino N, 1-2%) was introduced directly into the 
duodenum are illustrated in Fig. 4. Approximately 
20% of the total nitrogen of this hydrolysate was 
present as ammonia. Within 30 min. of introducing 
the casein hydrolysate there was a dramatic increase 
in the portal-ammonia concentration followed by 
a rapid decrease during the following 30 min. 
Thereafter, the portal ammonia remained relatively 
constant at a somewhat higher level than was found 
before dosing. 


DISCUSSION 


These experiments show that in the conscious sheep 
ammonia is absorbed from the rumen into the portal 
system, and so confirm the original observations of 
McDonald (1948a) which were made on anaes- 
thetized sheep. McDonald’s data were derived 
from estimations made on blood obtained from one 
of the rumen veins, and hence the ammonia concen- 
tration was greater than that observed in the present 
experiments. Nevertheless, despite the dilution of 
rumen venous blood with the remainder of the 
splanchnic drainage, quite appreciable values for 
portal-ammonia concentration were found. In the 
early stages of this work it was thought that 
ammonia production from sources other than the 
rumen might detract from the value of portal-blood 
analyses, but in fact extra ruminal-ammonia pro- 
duction under the conditions of the experiment 
appeared to be small and constant. 

A more serious difficulty associated with the 
collection of blood samples from the portal vein was 
related to the possible occurrence of laminar or 
streamline flow. This has been shown to occur in the 
dog (Hahn, Donald & Grier, 1945), rat (Himsworth, 
1947) and rabbit (Helps & McDonald, 1954), and 
Garner & Singleton (1953) on the basis of marker 
experiments with radioactive chromic phosphate 
found that streamlining, although variable, occurred 
in the portal vein of the sheep and goat. Schambye 
(19564, b), on the other hand, concluded from acute 
experiments in which blood labelled with the plasma 
dye T. 1824 was infused into the portal vein, and 
from in vivo experiments in which *P-labelled 
blood was injected into the splanchnic circulation, 
that in the sheep there was considerable mixing of 
the portal blood before it reached the liver. Ana- 
tomically, the arrangement of the varicus vessels 
draining into the portal vein is such that appreciable 
mixing might be expected to occur. Nevertheless, 
it is possible that the results illustrated in Fig. 2 
were due to incomplete mixing. However, the fact 
that on most occasions changes in the rumen were 
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reflected so closely and rapidly by changes in the 
portal blood indicated that for most of the time 
complete mixing occurred. 

The close correlation between the changes in 
ammonia concentration in the rumen and in the 
portal blood indicated that rapid transference of 
ammonia occurred through the rumen epithelium 
into the venous blood draining the rumen. There was 
no evidence for any mechanism regulating ab- 
sorption of ammonia from the rumen into the portal 
blood and hence it seemed most probable that 
ammonia transference was effected by simple 
diffusion through the rumen epithelium. 

The observation that ammonia was absent from 
the peripheral blood of animals receiving diets 
giving rise to appreciable amounts of ammonia 
indicated the efficiency of the liver in removing 
ammonia. Since, however, there is evidence that 
ammonia can enter the general circulation in 
ruminants (Dinning et al. 1948; Head & Rook, 1955; 
Repp et al. 1955) it would appear that the capacity 
of the liver for converting ammonia into urea can be 
exceeded when the rumen-ammonia concentration 
is high. That this was so was confirmed by gradually 
increasing the ammonia content of the ramen, when 
a gradual rise occurred in the arterial-ammonia 
level. The rumen- and portal-ammonia concentra- 
tions were probably not critical, since leakage of 
ammonia through the liver occurred over a range of 
rumen-ammonia levels and gradually increased as 
the rumen concentration increased. What appeared 
to be more significant was the ammonia concentra- 
tion in the arterial blood at which signs of ammonia 
poisoning occurred. This concentration was around 
0-4 m-mole/I. in the experiment carried out on the 
sheep with a portal-vein catheter, whereas in the 
experiments with sheep fitted only with rumen 
fistulae the concentration was around 0-6—0-9 m- 
mole/l. This apparent increased susceptibility to 
ammonia may have been due to the additional 
surgical trauma involved in catheterizing the portal 
vein. 

During the different experiments the rumen- 
ammonia concentration at which ammonia appeared 
in peripheral blood was not constant. Therefore the 
results of the experiments described above, and of 
some other comparable experiments, are given in 
Fig. 5 in the form of a curve in which the concentra- 
tion of ammonia in rumen contents is plotted 
against that in peripheral blood. The curve has been 
drawn with moving averages for units of 10 on the 
abscissa. It is apparent that ammonia appears in 
peripheral blood when the rumen concentration 
exceeds 55-60 m-moles/]l. However, Annison, 
Chalmers, Marshall & Synge (1954) found rumen- 
ammonia levels as high as 85 m-moles/l. in sheep 
receiving diets containing protein supplements, and 
no toxic affects were observed. On the other hand, 
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Head & Rook (1955) found a significant ammonia 
concentration (0-25 m-mole/l.) in the peripheral 
venous blood of the cow when the rumen ammonia 
was as low as 30-40 m-moles/].; signs of ammonia 
poisoning were not reported. These authors further 
suggest that under conditions of high rumen- 
ammonia production ammonia may pass in quantity 
from the rumen to the small intestine. As part of an 
investigation into the absorption of materials from 
the small intestine of the sheep the experiment 
illustrated in Fig. 4 was carried out, and it is in- 
cluded to show that ammonia absorption can occur 
from the small intestine and is, in fact, extremely 
rapid. 

Although the experiments of McDonald (1948 a) 
and Chalmers et al. (1954) have suggested that 
ammonia production in the rumen may lead to 
appreciable loss of nitrogen, it has not yet been 
possible to obtain any quantitative information. 
This could be investigated by the determination at 
frequent intervals of blood flow and ammonia 
concentration in the portal vein, coupled with the 
assessment of nitrogen excretion. It is, however, of 
interest at this stage to attempt some approximate 
calculation of nitrogen loss on the figures which are 
now available. Schambye (19566) has reported 
flows of around 37 ml./min./kg. of body wt. in the 
conscious sheep. In a 40 kg. sheep receiving 800 g. 
of hay plus 50 g. of casein daily the average rumen 
ammonia may be estimated at 40 m-moles/I., with 
a portal-ammonia concentration of around 0-65 mg./ 
100 ml. Assuming an average flow of 1500 ml./min. 
in the portal vein, then the actual amount of 
ammonia nitrogen carried to the liver over 24 hr. 
is in the region of 14g. Even if a considerable 


2 
o +> 
T T T 


° 


120 140 160 180 200 
NH; concn. (m-moles/!. of rumen contents) 


Portal-blood NH; concn. (m-moles/I.) 

° 

o oa 

8 

3 


Fig. 5. Correlation of ammonia concentration in rumen 
contents and peripheral blood of sheep. x, Moving 
average values over units of 10 (0-120) or 20 (120-200) 
m-moles of ammonia/l. of rumen contents; e, actual 
observed points. Results were collected from experiments 
reported and some other comparable ones: thus condi- 
tions of feeding and time ‘were varied. 


all | 
in 
ch 
ry 
he 
ly 
ng 
oy 
n. 
p | 
al 
ne | 
n- 
ot | 
of 
re? 
or 
at 
at | 
1e 
e 
h, 
d 
0 
a | 
d 
| 
of | 
\- 
Is 
le ' 
2 | 
t 


proportion of this nitrogen is returned to the rumen 
in the form of salivary urea, the nitrogen loss to the 
animal must represent an appreciable proportion of 
the dietary intake. This approximate calculation 
emphasizes the need for more accurate estimations 
of nitrogen loss in animals receiving different diets 
and particularly in animals maintained under 
normal conditions of husbandry. Attempts are now 
being made to obtain this information. 


SUMMARY 


1. A technique is described for taking repeated 
samples of portal blood in the sheep. 

2. Changes in the rumen-ammonia_ concen- 
tration of sheep fed on various diets were 
paralleled by changes in portal-blood ammonia 
concentration. 

3. At the maximum rumen-ammonia level 
attained as a result of feeding (60 m-moles/I.), an 
increase in ammonia concentration was not detected 
in peripheral blood. 

4. When this concentration was exceeded by 
adding ammonium acetate solution to the rumen, 
ammonia was present in peripheral blood. 

5. As the concentration of ammonia in peripheral 
blood exceeded 0-6—0-9 m-mole/l. toxic symptoms 


developed. 


The authors wish to acknowledge the technical assistance 
of Mrs E. N. Hills, Mr F. Hills and Mr P. Wright. 


The nutritional significance of the volatile fatty 
acids (VFA) acetic, propionic and butyric, which 
are produced during ruminal digestion, is well 
recognized, and much information is available on 
the relative quantities of individual acids which 
arise under different feeding conditions (cf. Phillip- 
son & Cuthbertson, 1956). Several groups of 
workers have studied the rates of absorption of 
these acids from the sheep rumen and the conflicting 
conclusions which have emerged no doubt reflect 
the different conditions under which the observa- 
tions were made (Gray, 1947, 1948; Kiddle, 
Marshall & Phillipson, 1951; Masson & Phillipson, 
1951; Johnson, 1951). Earlier workers studied the 
absorption of VFA from the rumen of anaesthetized 
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sheep, but observations on conscious sheep were 
made by Pfander & Phillipson (1953), although as in 
the previous investigations the rate of disappearance 
of VFA added to the rumen was used as a measure 
of their absorption. 

A more direct method of assessing the amounts of 
VFA and other metabolites which are absorbed 
from the rumen and other parts of the alimentary 
tract lies either in the analysis of the blood draining 
individual organs or in the analysis of portal blood. 
The study of rumen absorption by the examination 
of the blood draining that viscus has not attracted 
a great deal of attention since the now classical 
work of Barcroft, McAnally & Phillipson (1944). 
This approach has, however, been adopted by 
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Schambye & Phillipson (1949) and Schambye (1951), 
who used the London-cannula technique to obtain 
successive samples of portal blood from conscious 
sheep maintained under stall-fed conditions. This 
enabled them to follow the changes in concentration 
of rumen, portal and arterial VFA when the sheep 
were fed on various diets. The results provided 
useful information on the relative concentrations of 
the total VFA in portal blood compared with the 
corresponding concentrations in the rumen, but 
owing to the limitations of the London-cannula 
technique sufficiently large samples of portal blood 
could not be obtained for the complete analysis of 
the VFA. This information itself is of sufficient 
interest to justify a renewed attack on rumen-— 
portal absorption problems, but in view of recent 
developments in our knowledge of the metabolic 
activities of rumen epithelium (Pennington, 1952) 
the need for detailed analyses of portal blood has 
assumed even greater importance. The development 
of methods for the complete analysis of the VFA in 
10-20 ml. of blood (Annison, 19546), which were 
based on the vapour-phase chromatographic 
method of James & Martin (1952), made possible 
a detailed study of the VFA produced and absorbed 
during rumen fermentation, provided frequent 
samples of portal blood could be obtained. For this 
purpose a method of catheterizing the portal vein in 
sheep was developed which allowed the repeated 
withdrawal of relatively large volumes of blood 
(Lewis, Hill & Annison, 1957). 

With these techniques, observations have been 
made on the VFA content of portal and peripheral 
blood and of rumen contents of sheep maintained 
under animal-house conditions and fed on various 
diets. In addition, the absorption of the individual 
acids, acetic, propionic and butyric, has been in- 
vestigated together with the changes brought about 
in circulating glucose and ketone bodies when these 
individual acids were placed in the rumen. 

A preliminary communication of some of this 
work was given to the Biochemical Society (Annison, 
Hill & Lewis, 1955). 


MATERIALS AND METHODS 


Experimental animals and surgical procedures 


Clun Forest sheep, each with a permanent rumen fistula and 
an exteriorized loop of the carotid artery, were kept in the 
animal house for at least 2 months before any experiments 
were carried out, and received the following diets in the 
daily amounts shown: hay (1 kg.), sheep 1; hay (800 g.) and 
casein (150 g.), sheep 2; alkali-washed straw (600 g.; for 
details of preparation see Annison, 1956), starch (100 g.) 
and casein hydrolysate (100 g.), sheep 3. During this initial 
period the animals were trained to consume the whole of 
their ration over a period of 1-2 hr., and so provide a 
somewhat exaggerated picture of the normal ruminal 
events. 
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A polythene catheter was placed in the portal vein at a 
subsequent operation and a series of experiments carried 
out. Details of the surgical technique are described else- 
where (Lewis ef al. 1957). The time taken for complete 
recovery varied with individual sheep, the most frequent 
post-operative complication being reluctance to consume 
the whole of the daily ration in a short period, an essential 
feature of the experiments. Hence in some of the experi- 
ments part of the diet was added directly to the rumen 
through the rumen fistula. 


Chemical determinations 


Volatile fatty acids. Blood was analysed for VFA by the 
procedure of Annison (19545), in which individual VFA are 
separated by vapour-phase chromatography (James & 
Martin, 1952). Since a minimum of 10 ymoles of VFA was 
required for chromatography, 15 ml. of arterial blood or 
10 ml. of portal blood was used. Rumen VFA were ex- 
amined as described earlier (Annison, 1954a). 

Blood reducing sugar. The method of Somogyi (1952), 
coupled with the colorimetric procedure of Nelson (1944), 
was employed. 

Ketone bodies. The method of Greenberg & Lester (1944), 
as modified by Pennington (1952), was used. 


Ruminal administration of volatile fatty acids 


The VFA were ‘laboratory reagent’ quality (British Drug 
Houses Ltd.) and were homogeneous when examined by 
vapour-phase chromatography. The acids were titrated 
with 2n-NaOH to pH 6-0, and added to the rumen in a 
concentration of 1 m-mole/ml., unless stated otherwise. 
Since the portal-vein catheters remained patent for only 
a limited time (1-3 weeks), experiments were carried out 
with the shortest possible time interval between them, 
consistent with the good condition of the animal. The sheep 
were not allowed access to food on the days when experi- 
ments were carried out. The sheep used for these experiments 
were fed on a diet of chopped hay (1 kg./day). 


RESULTS 


Absorption of volatile fatty acids under 
normal feeding conditions 


Several series of observations were made over 
periods of 8-10 hr. on the concentrations of VFA in 
the portal and peripheral (arterial or venous) blood, 
and rumen contents, of sheep 1-3 (Expts. 1-3 
respectively). Samples were withdrawn immedi- 
ately before feeding, and at intervals of 1 hr. 
throughout the experiment. Earlier work (Annison, 
19546) had shown that the concentration of VFA 
in the sheep rumen declined steadily for 24—48 hr. 
after feeding, indicating that the increases in rumen 
VFA levels observed in the present studies were 
due to the ruminal fermentation of the food eaten 
during the experiments. Uneaten food was removed 
after 2 hr. The total VFA concentrations in portal 
and arterial blood, and rumen contents, are shown 
in Fig. 1, and the amounts of individual acids 
are shown in Tables 1-3. In Expt. 1, portal- and 
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arterial-blood samples were examined for their 
haemoglobin content to check for possible variations 
in the plasma:red cell ratio, which may have 
influenced the analytical results, since in sheep 
blood the VFA are not distributed equally between 
red cells and plasma (Annison, 1954b). Good 
agreement was found between the haemoglobin 
content of samples taken at the same time. Glucose 
and ketone-body estimations were also made on the 
blood samples withdrawn in Expts. 2 and 3 (Fig. 2). 

There was good correlation between the total 
VFA concentrations in rumen contents and portal 
blood in two of the three experiments reported 
(see Fig. 1). Examination of the individual acids 
indicated a low concentration or complete absence 
of butyrate from portal blood, although compara- 
tively large amounts were present in rumen con- 
tents. In addition, ketone-body levels were 
significantly higher in portal than in arterial blood 
(Fig. 2). These results obtained in vivo confirm that 
considerable quantities of butyrate are metabolized 
by rumen epithelium, as was shown by the in vitro 
studies of Pennington (1952), who found that 
butyrate was utilized by rumen epithelium with the 
production of ketone bodies. Kiddle et al. (1951) 
demonstrated that the amount of butyrate relative 
to the levels of acetate or propionate in blood 
draining the rumen was much less than would be 
expected from the relative concentrations of the 
three acids in the rumen. 

Blood-glucose concentrations in portal and 
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arterial blood showed little variations throughout 


the sampling periods, the portal—arterial differences — 


being negligible. These results confirm those of 
Schambye (1951). 
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Fig. 1. Changes in total volatile fatty acid (VFA) levels in 
rumen contents (O) and in portal (()) and peripheral (A) 


blood of sheep receiving rations of hay (a), hay and | 


casein (b) and casein hydrolysate and chopped straw (c). 


Table 1. Volatile fatty acid content of samples of rumen contents, portal blood 
and arterial blood, from a sheep on a diet of hay 


Molecular percentage of VFA 


Time 

after Total VFA 

feeding concen. 

(hr.) Sample (m-moles/l.) Formic 
0 Rumen contents 47 0 
0-75 67 0 
1-5 80 0 
3 94 0 
4:5 89 0 
7 84 0 

10 72 0 
0 Portal blood 0-96 6 
0-75 1-30 4 
1-5 1-67 5 
3 1-78 4 
4:5 1-53 4 
7 1-10 7 

10 1-05 5 
0 Carotid blood 0-73 5 
0-75 0-82 5 
1-5 0-92 4 
3 0-71 5 
4:5 0-58 6 
7 0-52 4 

10 0-51 5 


Valeric + 
iso- n- 2-methyl- —_n- 
Acetic Propionic Butyric Butyric butyric Valeric 

66 28 1 5 0 0 
64 29 1 5 0 1 
64 29 1 4 1 1 
58 29 2 7 3 1 
68 26 1 4 1 0 
61 30 1 6 1 1 
60 32 1 5 1 1 
83 ll 0 0 0 0 
83 13 0 0 0 0 
79 17 0 0 0 0 
75 21 0 Trace 0 0 
81 15 0 0 0 0 
82 ll 0 Trace 0 0 
84 ll 0 0 0 0 
95 0 0 0 0 0 
95 0 0 0 0 0 
96 0 0 0 0 0 
92 3 0 0 0 0 
92 2 0 0 0 0 
96 0 0 0 0 0 
95 0 0 0 0 0 
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Table 2. Volatile fatty acids present in samples of rumen contents, portal blood and jugular blood, 
taken simultaneously from a sheep on a diet of hay and casein 

Molecular percentage of VFA 
Time . iso- 
after Total VFA Valeric + 
feeding conen. iso- n- 2-methyl- —_n- 

(hr.) Sample (m-moles/l.) Formic Acetic Propionic Butyric Butyric butyric Valeric 
0 Rumen contents 62 — — 
2 92 0 69 25 0 + 1 1 
3 103 0 68 28 0 4 1 1 
5 85 0 65 30 0 3 1 1 
8 72 0 69 29 0 2 0 0 
0 Portal blood 1-56 5 88 7 0 0 0 0 
2 1-57 5 87 8 0 0 0 0 
3 1-70 4 88 8 0 0 0 0 
4 1-85 4 87 9 0 0 0 0 
6 1-79 4 88 8 0 0 0 0 
8 TT 4 90 6 0 0 0 0 
0 Jugular blood 0-60 7 93 0 0 0 0 0 
2 0-60 8 92 0 0 0 0 0 
3 0-85 7 93 Trace 0 0 0 0 
4 0-94 6 93 1 0 0 0 0 
5 0-73 % 93 Trace 0 0 0 0 
6 0-66 6 94 0 0 0 0 0 
8 0-52 8 92 0 0 0 0 0 

Table 3. Volatile fatty acids found in samples of rumen contents and portal and jugular blood 
taken from a sheep receiving a diet of casein hydrolysate and chopped straw 
Molecular percentage of VFA 
A. 
Time iso- 
after Total VFA Valeric + 
feeding conen. iso- n- 2-methyl- = n- 

(hr.) Sample (m-moles/l.) Formic Acetic Propionic Butyric Butyric butyric Valeric 
0 Rumen contents 68 0 59 24 3 ll 2 1 
2 78 0 63 22 2 10 2 1 
t 87 0 61 25 2 9 2 1 
6 77 0 63 24 2 9 1 1 
9 70 0 64 25 1 8 1 1 
0 Portal blood 1-91 7 84 7 0 2 0 0 
2 1-98 8 82 8 0 2 0 0 
4 2-49 6 84 8 0 2 0 0 
6 2-09 7 84 7 0 2 0 0 
9 1-55 7 83 8 0 2 0 0 
0 Jugular blood 0-66 12 88 0 0 0 0 0 
2 0-74 12 88 0 0 0 0 0 
4 0-94 11 89 0 0 0 0 0 
6 0-83 10 90 0 tt) 0 0 0 
9 0-64 14 86 0 0 0 0 0 


Addition of sodium butyrate to the rumen 


In a preliminary experiment, 300 m-moles of 
sodium butyrate in 150 ml. of water, pH 6-0, was 
added to the rumen of a sheep fasted for 24 hr. 
Samples of rumen contents, portal blood and venous 
blood were then taken at intervals, and examined 
for total VFA, butyrate, glucose and ketone bodies. 


The results are shown in Figs. 3 and 4. The main 
points of interest were: (1) the low concentration of 
butyrate in portal blood when the concentration of 
butyrate in the rumen was high (40 m-moles/I.); 
and (2) the markedly enhanced levels of ketone 
bodies in portal blood compared with those of 
peripheral blood during the first 2 hr. of the experi- 
ment. 
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At this stage it was decided to investigate the 
effects of slowly increasing the concentration of 
butyrate in the rumen. Sodium butyrate (five doses 
of 50 m-moles each) was added to the rumen of a 
sheep through the fistula at intervals of 1 hr.; 
a further 100m-moles was added lhr. later. 
Samples of rumen contents, portal and arterial 
blood were taken immediately before the first dose, 
30 min. after the second dose, and 30 min. after 
each further dose of butyrate. The rumen contents 
were analysed for VFA, and blood samples for VFA, 
ketone bodies and blood sugar. The results are 
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Portal and peripheral blood ketone bodies 
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Fig. 2. Glucose and ketone-body concentrations in the 
portal and venous blood of sheep receiving diets of hay 
and casein (A) and chopped straw and casein hydrolysate 
(B). O, Portal glucose; A, portal ketones; 1, venous 
blood glucose; @, venous blood ketones. 
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Fig. 3. Total VFA concentrations in rumen contents (O) 
and portal blood (A), and butyrate levels in the ramen 
(CQ) and portal blood (@), when butyrate was put into 
the rumen. 
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shown in Table 4 and Fig. 5C. Good correlation 
between butyrate concentrations in the rumen and 
in the portal blood was observed, but most of the 
portal butyrate was removed by the liver, since 
only a small amount appeared in arterial blood. 
Although concentrations of ketone bodies in portal 
blood showed considerable increases as the rumen 
and portal-blood levels of butyrate rose, there was 
only a rough correlation between rumen butyrate 
and portal-blood ketone levels. Portal blood- and 
arterial blood-sugar concentrations rose slightly 
throughout the dosage period. 

Since the pH of rumen contents influences the 
rate of absorption of VFA (Gray, 1948), control 
experiments were made to investigate the pH 
changes in the rumen of a sheep dosed with sodium 
butyrate under the conditions of the experiments. 
During the dosage period the pH of the rumen fluid, 
measured by a glass electrode, varied between 6-3 
and 6-8, a change which is unlikely to affect appreci- 
ably the rate of absorption of the acid. Similar 
experiments with sodium acetate and sodium pro- 
pionate indicated that the pH of the rumen contents 
remained within the pH range 6-0-7-0 under these 
conditions, which suggested that the following 
absorption experiments were not carried out under 
grossly unphysiological conditions. 


Addition of sodium propionate to the rumen 

Propionate was added to the rumen of a sheep in 
doses of 50 m-moles, at 1 hr. intervals, with the 
final addition of 100m-moles as described for 
butyrate: samples of blood and rumen contents 
were removed for analysis at the same time intervals. 
The results are shown in Table 4 and Fig. 5B. Close 
correlation between portal and rumen levels was 
again found and considerable quantities of pro- 
pionate ‘spilled over’ into the arterial blood. 
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Fig. 4. Glucose concentrations in portal (@) and jugular 


(OQ) blood, and ketone-body levels in portal (A) and 
jugular (2) blood, when butyrate was put into the rumen. 
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Table 4. Changes in the concentrations of volatile fatty acids, glucose and ketone bodies in rumen contents, and 
portal and arterial blood, after addition to the sheep rumen of successive doses of acetate, propionate or butyrate 


Volatile fatty acids Blood glucose Ketone bodies 
Volatile Time Amount Time of (m-moles/1.) (mg./100 ml.) (mg./100 ml.) 
fatty acid added added sample A A 
added (hr.) (m-moles) (hr.) Rumen Portal Carotid Portal Carotid Portal Carotid 
Acetate 0 50 Before dose 38 1-98 1:37 59 59 4-6 4-0 
1 50 1} 51 1-85 57 4:8 
2 50 24 67 2-37 _— 60 _ 5-2 _ 
3 50 34 49 2-08 1-40 60 54 2-6 2-0 
4 50 4h 53 2-80 67 2-8 
5 100 5} 59 3-58 1-60 72 70 3-2 2-7 
Propionate 0 50 Before dose 44 1-90 1-20 64 62 3-0 3-6 
1 50 14 50 2-20 69 3-2 
2 50 24 54 2-19 — 73 75 3-2 a 
3 50 34 60 2-09 1-31 75 _— 3-9 2-9 
4 50 4} 53 1-83 1-62 78 _— 3-0 _— 
5 100 54 60 2-22 1-70 76 80 2-8 2-1 
Butyrate 0 50 Before dose 58 1-61 1-35 48 48 2-4 2-4 
1 50 14 76 1-77 54 6-9 
2 50 24 80 1-89 1-35 58 53 4-1 3-5 
3 50 34 92 2-41 62 5-2 
4 50 4h 92 2-31 1-98 58 58 5-9 6-1 
5 100 54 116 2-92 2-32 70 60 9-3 8-2 


(4) 430 
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Rumen acetate (A), propionate (B) and butyrate (C) (m-moles/|I.) 
essss sSssssd 
SERS 
Portal and arterial blood acetate (A), 
propionate (B) and butyrate (C) (m-moles/I.) 


Time (hr.) 

Fig. 5. Changes in acetate (A), propionate (B) and butyrate 
(C) concentrations in rumen contents (©), portal blood 
(A) and arterial blood (Q), when aqueous solutions of 
these acids were added in successive doses to the rumen 
of sheep, in separate experiments. 


Ketone-body concentrations in portal blood re- 
mained unchanged, but as with butyrate there was 
a slight increase in blood-glucose levels with in- 
significant portal—arterial differences, throughout 
the dosage period. Arterial blood ketone-body 


concentrations decreased to about one-half of the 
initial value. 


Addition of sodium acetate to the rumen 


The absorption of acetate from the rumen into 
the portal system was investigated by the same 
procedure as that described for propionate and 
butyrate. Increasing levels of acetate in the rumen 
were paralleled by those of portal blood (Fig. 5A), 
whilst blood-sugar concentrations increased slightly 
in both portal and arterial blood (Table 4). The 
portal and arterial ketone bodies decreased, 
although portal ketone bodies showed a slight 
increase in the first half of the dosage period. 


DISCUSSION 


The portal system drains the whole splanchnic area 
and thus contains VFA contributed by regions of 
the tract other than the rumen. Examination of the 
blood draining the different regions of the tract 
(Barcroft et al. 1944) revealed, however, that, apart 
from that from the rumen, only the blood draining 
the omasum and caecum contained VFA in signifi- 
cant amounts, and examination of the VFA of the 
contents of various regions of the tract (Annison, 
19546) indicated that only the rumen and caecum 
contained appreciable quantities. The concentra- 
tion of VFA in the caecum is about one-quarter of 
that in the rumen, and since the caecum has only 
about one-tenth of the capacity of the rumen it is 
probable that the contribution of VFA from the 
caecum is relatively, very small compared with 
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that of the portal blood. It is reasonable therefore 
to assume that any observations made on the portal 
blood will reflect changes occurring in the blood 
draining the rumen. 

Sampling errors due to the possible occurrence of 
laminar flow in the portal vein have been discussed 
elsewhere (Lewis et al. 1957), but it would seem from 
a comparison of the general shape of the curves 
representing portal-VFA concentration and rumen- 
VFA levels that in most experiments errors due to 
this cause were not large enough to invalidate the 
results obtained. It is perhaps premature to discuss 
why there should be a close correlation between the 
rumen and portal VFA in some experiments and 
not in others, but it was felt that the occasional 
discrepancies observed did in fact represent a 
genuine phenomenon. 

The demonstration that changes in the total 
VFA content of the rumen ingesta after feeding 
were paralleled by similar changes in the portal 
blood confirmed the findings of Schambye (1951), 
and in addition the detailed analyses provided 
information on the composition of the portal VFA 
compared with those of the rumen ingesta. Gray 
(1947), and Phillipson and his colleagues, have 
shown in experiments involving replacement of the 
rumen ingesta with mixtures of VFA at different 
DH levels that the rumen pH influences to a marked 
extent the relative rate of disappearance of VFA 
from the rumen. Thus at pH 7-2 the quantities of 
acetate, propionate and butyrate disappearing 
were similar (Elsden & Phillipson, 1948), whereas at 
pH 5:8 proportionately more butyric acid was lost 
from the rumen (Pfander & Phillipson, 1953). The 
exact significance of these findings in relation to the 
events occurring during normal fermentation is not 
very clear, since under these conditions there is a 
continual production and a varying concentration 
of VFA along with small changes in pH. 

Little information on the relative rates of 
absorption from the rumen of acetic, propionic and 
butyric acids was obtained by comparing the 
quantities appearing in portal blood at known 
rumen concentrations. When rumen levels of each 
acid were plotted against portal concentrations, the 
results obtained throughout the whole study being 
used, a large scatter was observed with no apparent 
differences between acetate and propionate. Portal 
levels of butyrate, however, were always lower than 
those of acetate and propionate when compared at 
similar rumen concentrations, but this difference 
could be explained by the metabolism of butyrate 
by rumen epithelium and does not necessarily 
reflect a slower rate of absorption. The increase in 
rumen butyrate after the ruminal administration 
of 50 m-moles of acid at 1 hr. intervals, however, 
was much higher than that observed when acetate 
or propionate was given (Fig. 5), suggesting that 
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under the conditions of these experiments butyrate 
was absorbed more slowly. 

The analytical data providing the concentrations 
of propionate in the portal blood allow an estimate 
to be made of the actual amounts of propionate 
metabolized by the liver, since under normal 
circumstances this fatty acid is largely removed by 
the liver and very little appears in the peripheral 
blood (Annison, 19546). If it is assumed that the 
level in portal blood 8-10 hr. after feeding was 
representative of the amount present for the 
remainder of the 24 hr. period, then when diets 
based on hay, casein and casein hydrolysate were 
fed, 32, 20 and 26 g. of propionate respectively were 
metabolized/24 hr. Portal-flow rates based on the 
results of Schambye (1956) were used in these 
calculations, i.e. 37 ml./min./kg., and the portal- 
propionate concentrations were corrected for any 
propionate found in peripheral blood. 

The fact that butyric acid was absent or present 
in low concentrations in portal blood, although 
present in comparatively large amounts in rumen 
contents, confirmed the observations of Masson & 
Phillipson (1951). Since ketone-body levels were 
significantly higher in portal than in arterial blood 
the results indicated that considerable quantities of 
butyrate were metabolized by rumen epithelium 
with the production of ketone bodies, as was first 
shown by Pennington (1952). 

There is a considerable amount of published data 
on the changes in blood sugar and ketone bodies 
which occur when acetate, propionate and butyrate 
are added to the rumen (Johnson, 1955; Clark & 
Malan, 1956). Propionate undoubtedly gives rise 
to glucose, but there is no convincing evidence that 
acetate affects blood-sugar levels insheep. Although 
Potter (1952) found that sodium butyrate injected 
intravenously relieved insulin convulsions in lambs 
and caused a rise in blood sugar, no clear-cut 
effects of butyrate had been reported until Kronfeld 
(1956) showed that butyrate injected intravenously 
into sheep caused the blood sugar to either rise or 
fall, depending on the initial blood-sugar level. The 
butyrate (50 g.) was given over a period of 50 min. 
Several groups of workers have observed symptoms 
of distress when butyrate is administered intra- 
venously (Jarrett, Potter & Filsell, 1952; Johnson, 
1955), but the slow rate of injection was stated by 
Kronfeld to obviate this effect. The results of 
Kronfeld (1956) suggest that butyrate has a 
glucostatic action in sheep; it would be expected 
that accetate would have the same effect, since the 
metabolism of these substances follows similar 
pathways. There is no evidence on this point. The 
extra-hepatic tissues of sheep are not normally 
exposed to high concentrations of butyrate, the 
usual concentration in blood rarely exceeding 
10 pmoles/l. (Annison, 19546), a situation which 
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reflects the rates at which butyrate is metabolized 
by the rumen wall and the liver. The significance of 
Kronfeld’s results is therefore difficult to assess, and 
itis possible that the effects observed were secondary 
to the pharmacological action of the high concentra- 
tion of butyrate employed. The increases in blood 
sugar observed in the present experiments during 
dosage with acetate, propionate and butyrate are 
difficult to interpret, since they could have been due 
to excitement of the animal as a result of continued 
blood sampling, or to the administration of sodium 
(as the VFA salt), reported by Johnson (1955) to 
increase blood-sugar levels. 

The concentrations of metabolites in the portal 
vein can only be translated into actual quantities 
absorbed from the alimentary tract if the portal- 
blood flow is known, and elegant methods of 
measurement have recently been devised for this 
purpose by Schambye (1956). Portal-flow rates on 
blood for which analytical figures are available 
have, however, not yet been reported. It is hoped 
to obtain information of this nature in future 
studies. 


SUMMARY 


1. Astudy was made of the changes in the concen- 
trations of the individual volatile fatty acids present 
in the rumen, and portal and peripheral blood, of 
sheep fed on diets of hay, hay and casein, and of 
alkali-washed straw and starch. Considerable 
amounts of volatile fatty acids were absorbed from 
the rumen, and there was good correlation between 
the concentrations of total volatile fatty acids in 
portal blood and rumen contents. 

2. Under normal fecding conditions there is 
a much lower concentration of butyrate, relative to 
the levels of acetate and propionate, in the portal 
system than in rumen contents. Concentrations of 
ketone bodies in the portal vein usually exceeded 
those in the peripheral blood. Only minor differ- 
ences in portal and peripheral blood glucose were 
detected. 

3. The absorption of the individual acids, acetic, 
propionic and butyric, from the rumen into the 
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portal system was demonstrated, and the corre- 
sponding levels in peripheral biood were examined. 
Dosage with butyrate resulted initially in high 
ketone-body levels in portal blood, followed by a 
steady rise of concentration in peripheral blood. 


We wish to thank Mrs E. N. Hills, Mr F. Hills and 
Mr P. Wright for skilful technical assistance. 
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The Fractionation of Bovine y-Globulin by Partition Chromatography 


By R. R. PORTER anp E. M. PRESS 
National Institute for Medical Research, The Ridgeway, London, N.W. 7 


(Received 13 December 1956) 


In earlier papers (Porter, 1955a; Humphrey & 
Porter, 1956; Askonas, Humphrey & Porter, 1956) 
it has been shown that rabbit y-globulin could be 
partially resolved into a series of overlapping com- 
ponents by the use of partition chromatography. 
It was found that antibodies were localized in 
certain fractions, depending on the stage of immu- 
nization of the rabbit. Evidence that different 
tissues synthesized different fractions at varying 
rates was also obtained and this led to the sug- 
gestion that distinct cell types might be responsible 
for the synthesis of the individual globulin fractions. 

We wondered if there were any chemical differ- 
ences between the y-globulin fractions, and chose 
the N-terminal acid as a distinctive characteristic to 
follow. 

Rabbit y-globulin has only one N-terminal amino 
acid, alanine (Porter, 1950), but the rabbit is 
unique, among the small number of species investi- 
gated, in having y-globulin homogeneous in this 
respect. Bovine y-globulin, for example, has five 
different N-terminal amino acids, none of which are 
present in integral molar proportions. We have tried 
in this work to decide whether these fractions of 
bovine y-globulin with different N-terminal amino 
acids might correspond to fractions synthesized by 
different cells, or whether there is another explana- 
tion of their chemical differences. Bovine y- 
globulin has been fractionated by partition chro- 
matography and the N-terminal amino acids of 
different fractions have been estimated. By analogy 
with the results obtained with rabbit y-globulin it 
would be expected that a separation into fractions 
related to site of synthesis would occur and hence, if 
N-terminal amino acids are characteristic of the 
cells synthesizing different fractions, fractionation 
of the terminal amino acids should occur. 

In fact, fractionation of some but not all the 
components having different N-terminal amino 
acids was achieved and this, taken in conjunction 
with results on the £-globulin fraction and other 
work, has led to the conclusion that it may be 
necessary to postulate two kinds of bovine y- 
globulin. 

It is suggested that electrophoresis of rabbit 
serum at pH 8-6 separates a fraction, y-globulin, 
which is biologically distinct from other fractions in 
that it has a different site of synthesis and is anti- 
body, or closely related to antibody. Electrophoresis 


of cattle serum under the same conditions does 
not give the same resolution. The antibody-type 
globulin appears to be principally in the y-fraction, 
though this may not always be true; but there is 
also, in the y-fraction, globulin which in site of 
origin and chemical composition is very similar to 
B-globulin. This seems to be the most probable 
explanation of the difference in N-terminal acid 
composition between rabbit and bovine y-globulin. 


EXPERIMENTAL 


Materials 


Celite 545 (Johns—Manville and Co. Ltd., London, S8.W. 1) 
was washed and graded (Humphrey & Porter, 1956) and the 
dried Celite treated with dimethyldichlorosilane as described 
previously (Porter, 19555). 

Diethyl Carbitol (diethylene glycol diethyl ether) was 
purchased from Union Carbon and Carbide Co. Ltd., New 
York. It was distilled, after addition of SnCl,, at reduced 
pressure in an atmosphere of nitrogen. Only material with 
an optical density less than 0-1 in a 1 cm. cell at 28004 was 
used. Bovine y-globulin was purchased from Armour 
Laboratories, Ltd., Chicago. No contamination by other 
serum proteins could be detected by paper electrophoresis. 
Other samples were also prepared from bovine serum by zone 
electrophoresis at pH 8-6, treated cellulose being used as 
support (Porath, 1956). 


Chromatography 


No success was achieved when the conditions described 
for the chromatography of rabbit y-globulin (Porter, 1955a) 
were used with bovine y-globulin. A variety of alternative 
systems were therefore investigated and satisfactory condi- 
tions were found with diethylene glycol diethyl ether as the 
organic solvent together with potassium phosphate (pH 9) 
and a 10 % (w/v) solution of urea in water. The final concen- 
tration of urea was about 5% and at this strength it in- 
creased the solubility of the y-globulin without causing any 
detectable denaturation. This is similar to the effect of 
urea on pepsin reported by Steinhardt (1938). 

The composition of the phase mixture was 2-5M-potassium 
phosphate at pH 9 (2-12 kg.), 10% (w/v) aqueous urea 
(2-672 kg.) and diethylene glycol diethyl ether (548 g.). 
The two liquid phases produced are temperature labile and 
chromatography was therefore carried out in a room at 
241°. The column and phase mixture were jacketed as 
previously described (Porter, 1955a) and were held at 
6+0-1°. Under these conditions the bovine y-globulin 
partitioned in favour of the diethylene glycol diethyl ether- 
rich phase and this phase was therefore made the stationary 
phase, silane-treated Celite 545 being used as support. 
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Silane-treated Celite (60 g.) was used to prepare a column 
(2:4 cm. x 33 em.) and 40 mg. of bovine y-globulin, dissolved 
in 20 ml. of the aqueous phase, was fractionated on this 
column. Fractions (16 ml.) were collected by an automatic 
fraction collector and measured quantities were diluted to 
estimate the protein content of each fraction. 

The protein content was estimated by measuring the 
absorption at 28004 in a spectrophotometer. The fractions 
were combined in five groups and concentrated to about 
3 ml. by dialysis under a pressure of 1 atmosphere at 2°. The 
concentrated solution of globulin was precipitated with 
ethanol (2 vol.) and the precipitates were washed with 
ethanol and ether. 


Assay of N-terminal amino acids 


The N-terminal amino acids were estimated by the 
fluorodinitrobenzene (FDNB) method of Sanger (1945). 
The technique used has been described (Porter, 1957). 
Dinitrophenyl (DNP) globulin (100-150 mg.) was bydro- 
lysed by boiling in 5-7 N-HCI for 24 hr. The hydrolysate was 
extracted with ether and the ether extract, which contained 
the acidic DNP amino acids, was fractionated by paper 
chromatography on Whatman no. 4 paper with the solvent 
system tert.-amyl alcohol (2-methylbutan-2-ol)-0-05m- 
potassium phthalate at pH 6 (Blackburn & Lowther, 1951). 


0 
q 
0-025 
240. 320. 400 480 560 


Vol. of eluate (ml.) 


Fig. 1. Chromatography of bovine y-globulin: (a) 40 mg. of 
globulin run on a column (diam. 2-4cm.) containing 
60 g. of silane-treated Celite 545; (6) fraction x rerun on 
the same column; (c) fraction y rerun on the same column; 
(d) fraction z rerun on the same column. 


BOVINE y-GLOBULIN 


RESULTS 


In Fig. 1 is shown the chromatogram obtained 
when bovine y-globulin is fractionated according 
to the method described. The curve is similar to that 
obtained with rabbit y-globulin (Porter, 1955a) in 
that a broadly spread peak is produced, but the 
bovine globulin gives a more symmetrical peak 
with the maximum in the earlier running fractions. 
It can be seen that when individual fractions were 
run asecond time on the same column they appeared 
with a distinct characteristic R value, and it is 
therefore concluded that a genuine fractionation 
had occurred although no components were com- 
pletely separated from each other. The recovery of 


Table 1. N-Terminal amino acids of bovine y-globulin 


Calculated on a molecular weight for y-globulin of 


160 000. : , 
Amount of N-terminal acid 


(mole/mole of protein) 


Recovery* Commercial Electrophoretic 


Amino acid (%) preparation preparation 
Aspartic acid 50 0-14 0-23 
Glutamic acid 60 0-05 0-06 
Serine 70 0-11 0-14 
Alanine 60 0-10 0-09 
Valine 75 0-38 0-35 

Total 0-78 0-87 


* These values are the over-all recovery of DNP-amino 
acids after hydrolysis in the presence of DNP-bovine-y- 
globulin and paper chromatography (Porter, 1957). 


1 1 
160 240 320 400 480 560 
Vol. of eluate (ml.) 
Fig. 2. Chromatography of bovine y-globulin, showing cuts 
made to give the five fractions used for N-terminal acid 
assay. (Conditions were as for Fig. 1.) 


Table 2. N-Terminal amino acids of bovine y-globulin fractions 


Calculated on a molecular weight for y-globulin of 160 000. 


Amount of N-terminal acid in fractions (mole/mole of protein) 


Amino acid A B Cc D E 
Aspartic acid 0-17 0-14 0-13 0-08 0-07 
Glutamic acid 0-04 0-04 0-04 0-04 0-04 
Serine 0-13 0-09 0-08 0-06 0-07 
Alanine 0-14 0-10 0-06 0-00 0-00 
Valine 0-33 0-32 0:39 0:38 0-36 

Total 0-81 0-69 0-70 0-54 
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y-globulin from the column was 60-70%, rather 
lower than that obtained with rabbit globulin. 

The results of assay of the N-terminal amino 
acids of bovine y-globulin are given in Table 1. 
They are in qualitative agreement with those 
reported by McFadden & Smith (1953) but show 
some quantitative differences, particularly in the 
quantities of valine, for which we found a higher 
value, and of glutamic acid, for which we obtained 
a lower value. These differences may be due to the 
samples used, though the agreement between the 
results obtained with the commercial product 
prepared in America by ethanol fractionation and 
our own preparation made by zone electrophoresis 
is comparatively good. 

Fig. 2 shows the cuts made to give the five 
fractions used for terminal amino acid assay, and 
the results obtained are given in Table 2. As no 
clear-cut separation into individual fractions was 
obtained by chromatography, no sharp localization 
of the terminal acids could be expected. The early 
fractions contained all of the terminal alanine and 
most of the terminal serine and aspartic acid. The 
terminal valine is present almost equally in all 
fractions. Terminal glutamic acid is also present in 
all fractions, but the small amount present makes 
the quantitative significance of these figures 
doubtful. 


DISCUSSION 


A feature of the chromatography was the very 
marked difference in the behaviour of y-globulins 
from different species in the phase systems in- 
vestigated. Human, bovine and rabbit y-globulins 
showed quite different solubilities, partition co- 
efficients and stabilities in these systems and it was 
not possible to find a common chromatographic 
system. These differences were unexpected, as 
y-globulins from these species are very similar in 
molecular weight, amino acid composition and 
solubility in aqueous organic solvents and aqueous 
salt solutions. 

The total number of N-terminal amino acids in 
the original material is less than 1 mole/mole of 
protein. Neither of the labile DNP amino acids 
(DNP-proline and DNP-glycine) could be detected 
under appropriate conditions. Denaturation of the 
protein, by ethanol or 24 % trichloroacetic acid for 
1 hr., before reaction with FDNB did not influence 
the values obtained. No significant content of 
protein with a molecular weight higher than 
160 000 was found in the preparations when ex- 
amined in the ultracentrifuge. It is therefore con- 
cluded that the «-amino groups of some molecules 
fail to react with FDNB because they are blocked, 
perhaps by carbohydrate; alternatively, these 
molecules are cyclic and contain no «-amino groups. 

The N-terminal amino acids aspartic acid, serine 
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and alanine are concentrated in the faster-running 
fractions whereas valine is not. In view of the 
finding that rabbit f-globulin runs faster in this 
type of partition chromatography than y-globulin, 
the N-terminal acids of B-globulin were estimated, 
The £-globulin was prepared by zone electro. 
phoresis at the same time as the y-globulin whose 
N-terminal acids are given in Table 1. The results 
are given in Table 3. Threonine was found to be 
present, also aspartic acid, glutamic acid, serine 
and alanine were in much higher concentration 
than in y-globulin, and valine was absent. 

This suggests that the complexity of the N- 
terminal acids in the y-globulin may have resulted 
from overlap with £-globulin. However, electro- 
phoresis experiments at pH 8-6 showed that our 
y-globulin preparations could not have contained 
significant B-globulin contaminants. 

It is probable that in bovine serum, in contrast to 
rabbit serum, electrophoresis at pH 8-6 produces 
a fraction (y-globulin) which is a mixture of two 
types of protein. One is antibody-type globulin, 
which alone forms the y-globulin in rabbit serum, 
and the other is similar in chemical composition and 
probably in origin to the f-globulins. Partition 
chromatography has produced a partial resolution 
of these two types, which are not separated by 
electrophoresis. If this were correct, then antibody- 
type bovine globulin would appear simple by N- 
terminal assay as does rabbit y-globulin. The end 
group would be valine but it would be present in 
less than 1 mole/mole of protein, owing to the 
presence of a component without reacting «-amino 
groups. Support for this suggestion is given by N- 
terminal acid assay, by McFadden & Smith (1953), 
on y-globulin from a cow which had been strongly 
immunized with mixed antigens. They reported 
a much higher content of N-terminal valine and 
only traces of other N-terminal amino acids, as 
would be expected if, under these circumstances, 


Table 3. N-Terminal amino acids 
of bovine B-globulin 


Calculated on a molecular weight for f-globulin of 
160 000. 


Amount of 
N-terminal acid 

Recovery* (mole/mole 

Amino acid (%) of protein) 
Aspartic acid 50 0-68 
Glutamic acid 60 0-14 
Serine 70 0-40 
Alanine 60 0-15 
Threonine 95 0-17 
Total 1-54 


* These values are the over-all recovery of DNP-amino — 


acids after hydrolysis in the presence of DNP-bovine-y- 
globulin and paper chromatography (Porter, 1957). 
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the y-globul‘n consisted very largely of the anti- 
body-type globulin. If bovine antiserum against 
a pure antigen were available, end-group assay of 
the specific precipitate would be a satisfactory test 
of this idea, but so far such material has been un- 
obtainable. 


SUMMARY 


1. Bovine y-globulin has been fractionated into 
a series of overlapping fractions by partition 
chromatography. 

2. N-Terminal amino acid assay of the fractions 
shows that a partial fractionation of components 
having the N-terminal acids, aspartic acid, serine 
and alanine, has been achieved, but the y-globulin 
with N-terminal valine has not been fractionated. 

3. Comparison of the N-terminal assay of B- and 
y-globulins, and other evidence, has led to the 
suggestion that in the cow a part of the y-globulin 
may be closely related to B-globulin. 
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An Improved Method for the Microdetermination of 
Arginine by Use of 8-Hydroxyquinoline 


By G. CERIOTTI anp L. SPANDRIO 
‘Centro Tumori’ di Busto Arsizio, Italy 


(Received 18 January 1957) 


The colorimetric reaction of arginine with «a- 
naphthol (Sakaguchi, 1925a, b) is simple, specific 
and sensitive but not reliable as a quantitative 
method. The colour yield is not reproducible nor is 
there linearity between colour yield and amount of 
arginine, mainly because of the instability of the 
coloured product under the usual conditions of the 
reaction. 

There is some improvement when 8-hydroxy- 
quinoline is substituted for «-naphthol (Sakaguchi, 
1948), for the blank then remains almost uncoloured 
and the reagent is more stable. The reaction is 
similar for both reagents, which in the presence of 
alkaline hypobromite or hypochlorite form an 
intensely coloured compound with arginine. This 
compound is subsequently rapidly destroyed by 
hypobromite and the destruction is delayed, but not 
blocked, by addition of urea in excess. The rate of 
disappearance of the colour is quite different with 
different batches of urea, and this is the major 
drawback of the method with 8-hydroxyquinoline. 
There are other drawbacks to the original method 
(Sakaguchi, 1948) which hinder its quantitative 
application, namely the variability of the amount of 
hypobromite used and the formation of nitrogen 
bubbles on the walls of the cuvettes. 


In the present work the colour formed by the 
reaction of arginine with 8-hydroxyquinoline has 
been stabilized by extraction into butanol, the 
addition of urea being avoided. The different 
variables which may interfere in the reaction 
have been studied and the most suitable con- 
ditions for quantitative application have been 
determined. 


EXPERIMENTAL 
Materials 


8-Hydroxyquinoline (Carlo Erba). A solution (0-4%) of 
8-hydroxyquinoline is made in 95% (v/v) ethanol. To 5 ml. 
of this solution 60 ml. of n-NaOH is added immediately 
before use. 

Sodium hypobromite. The hypobromite is prepared freshly 
by dissolving 0-7 ml. of Br, in 50 ml. of 10% (w/v) NaOH. 
The solution is then diluted tenfold with water (final con- 
centration of hypobromite, 0-15 %). 

Arginine hydrochloride (Merck). The product was stored 
in a desiccator for several days and its purity checked by 
paper chromatography and by N determination. Standard 
solutions at concentrations from 1 to 8 zg./ml. were prepared 
each time. 

Butanol (Carlo Erba). No purification was found 
necessary. 
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To 5 ml. of the solution to be tested 1 ml. of the | g 
r 


PROCEDURE alkaline solution of 8-hydroxyquinoline is added, 


The following procedure, which was finally adopted, After a few minutes the diluted hypobromite 
is described first, and the effects of the various 5°lution (0-5 ml.) is added with shaking; 4 ml. of i 
alterations in the conditions employed are then utanol is immediately layered over the coloured 
discussed. solution and at exactly 10 sec. after the addition of 


hypobromite the test tube is energetically shaken for ; 

§-10sec. After a few minutes the two phases 
separate; the aqueous layer is then withdrawn by | 
1 

( 

¢ 

] 


a pipette with a long, fine tip and discarded, care 
being taken not to remove any of the solvent. The 
latter is completely cleared by addition of 0-2 ml. 
of absolute ethanol and its optical density is 
measured with a Beckman DU spectrophotometer 
at 507 mp (Fig. 1) against a blank prepared in the 
same manner. The blank is almost colourless. The 
Lambert—Beer law is followed up to an arginine ‘ 
concentration of 6yg./ml. Sensitivity is high 
(E}% 1280) and as little as 0-5 yg. of arginine/ml. i 
may be reliably determined. The colour is stable 
(Fig. 2) and results are reproducible. The standard ; 
deviation, calculated several times on groups of ten 


04 


° 


Optical density 
° 


01 


samples, gave a value of + 1:3%. 
As outlined below, a slightly different procedure, 


400 450 500 550 namely 0-3% hypobromite in place of 0-15%, was | 


Wavelength (mp) used when the arginine content of protein hy¢ro- 


Fig. 1. Absorption spectrum of the colour formed by the lysates was being measured. 1 
reaction between arginine and 8-hydroxyquinoline. ( 
( 


Variables which affect the reaction 
8-Hydroxyquinoline concentration. The concen- ; 


sO tration of 8-hydroxyquinoline in 95% (v/v) 
ethanol was varied between 0-05 and 1:6%. To ; 
0-7 5 ml. of reagent solution 60 ml. of N-NaOH was 
added and the reaction was performed as usual, by ' 
using a series of concentrations of arginine for each 
06F 8-hydroxyquinoline concentration. The optical 
08 
1500 ) 
> 
06 
1000} 
a —04 
O 0:3 
a 
500F 
02 
A} B 
02 04 06 08 16 
Concn. of Concn. of 
arginine (jg./ml.) 8-hydroxyquinoline (%) | 
oe a Fig. 3. Effect of variations in concentration of 8-hydroxy- 
0 2 “4 6 quinoline on the arginine reaction. (A) Optical densities 


plotted against arginine concentration. The curves show 
results with different concentrations of 8-hydroxyquino- 
Fig. 2. Relation of optical density to concentration of line. A, 0-05; O, 0-1; OG, 0-2; m, 0-4; A, 0-6; @, 0°8; 
arginine (ug./ml.). O, Readings taken immediately after x, 16%. (B) Extinction coefficient (£}%,,) plotted 
the reaction; A, after 48 hr.; @, after 72 hr. against concentration of 8-hydroxyquinoline. 
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density of the butanol solution increased rapidly 
relative to that of the blank until the concentration 
of 8-hydroxyquinoline reached 0-6 %; subsequently 
it decreased (Fig. 3). The decrease was very sharp 
at a concentration of 1-6 %, because of the appear- 
ance of an intense colour in the blank and because 
of a change in the shade of the colour with a decrease 
of the absorption at 507 mp. When the concentra- 
tion of 8-hydroxyquinoline was 0-6% the blank 
was slightly coloured; therefore a concentration of 
0:4% was chosen for routine use, although at this 
concentration the extinction coefficient was slightly 
lower. 

Variation of time interval between addition of 8- 
hydroxyquinoline and of hypobromite. No differences 
in colour yield were observed when this interval 
was varied between 1 and 20 min. 

Variations in concentration of hypobromite solu- 
tion. The concentration of the hypobromite solution 
was changed by adding increasing amounts of 
water to the stock solution. Concentrations ranging 
from 0-075 to 0:-9% were used. Other variables 
were kept constant as described in the standard 
method. The hypobromite concentration (see 
Fig. 4) had an important influence on the reaction. 
A sharp increase in colour yield was observed when 
the hypobromite concentration was increased from 
0:07 to 0-15%; when the concentration was in- 
creased still further the extinction coefficient began 
to decrease. 

Variation of time between addition of hypobromite 
and shaking with butanol. The hypobromite was 
introduced in the tubes and mixed as usual; the 
butanol was immediately layered over the aqueous 
layer and the tubes were shaken exactly 10, 15, 20, 


0-6F 
> 
a 
500F; 
© oat 
A| B 
24 03 06 09 
Conen. of Concn. of 


arginine (g./ml.) hypobromite (%) 


Fig. 4. Effect of variations of concentration of hypobromite 
on the arginine reaction. (A) Optical densities plotted 
against concentration of arginine. The curves show 
results with different concentrations of sodium hypo- 
bromite. x, 0-075; A, 0-15; @, 0-22; m, 0-30; D, 0-37; 
O, 0-60; A, 0:90%. (B) Extinction coefficients (+2, ) 
plotted against concentration of sodium hypobromite. 
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25, 35 and 60 sec. after the addition of hypobromite. 
The highest value, as expected, was obtained at the 
shortest interval (Fig. 5). However, the effect of 
delaying the shaking was not very marked, and 
from 10 to 15 sec. there was only a 3 % decrease in 
the extinction coefficient. 

The 10 sec. interval was convenient and could be 
carefully controlled: further, a difference of 1 or 
2 sec. did not make any appreciable difference to the 
results. 

Effect of temperature. As the «a-naphthol— 
diacetyl reaction used by Rosenberg, Ennor & 
Morrison (1956) is affected by variations in tem- 
perature, we examined the effect of this factor on 
the results obtained by the present method. Test 
solutions and reagents were set aside at different 
temperatures until they had reached equilibrium 
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Time intervals 
arginine (g./ml.) 

Fig. 5. Effect of the variation of the interval between addi- 
tion of hypobromite and extraction with butanol. (A) 
Optical densities plotted against concentration of 
arginine. Extraction after: A, 10sec.; @, 15sec.; 
20 sec.; 0, 25 sec.; O, 35 sec.; A, 60sec. (B) Ex- 
tinction coefficients %, ) plotted against time intervals. 
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Fig. 6. Effect of the temperature variations on the arginine 
reaction. (A) Optical densities plotted against concentra- 
tion of arginine. Reaction performed at: A, 14-6°; 
A, 21-8°; O, 37:0°; @, 60-0°. (B) Extinction coefficients 
plotted against temperature. 


meen- } 
(v/v) 
To : 
[ was 
al, by : 
‘each 
ptical | 


606 


and the reaction was then performed by the stan- 
dard method. 

As shown in Fig. 6, an increase in temperature 
resulted in a decrease in colour yield, probably 
because of increased action of hypobromite on the 
pigment. At the usual laboratory temperatures 
the decrease in colour yield is about 0-5% per 
degree. 

Colour stability. The rapid loss of colour is one of 
the major drawbacks of the original Sakaguchi 
reaction. Urea, even in very large excess, does not 
prevent the destruction of colour, and important 
differences have been observed from one batch of 
urea to another. It appeared that the protection 
afforded by urea was inversely proportional to its 
purity. With an old sample of urea, which gave 
opalescent solutions, good protection was obtained, 
and a decrease of only 1% in colour density after 
19 min., and 7% after 60 min. With a sample of 
purer urea the corresponding decreases were 9 and 
24% respectively, and with a highly purified 
specimen there were losses of 31 and 63 % (Fig. 7A). 
With the pure urea, loss of colour varied with the 
arginine concentration, and thus no linear relation- 
ship existed between concentration and optical 
density at any of the different times studied 
(Fig. 7B). In view of these difficulties we avoided 
the use of urea by extracting the colour im- 
mediately after the reaction had been performed, 
thus leaving the hypobromite in the aqueous 
phase. 

Of a series of solvents tested only butanol proved 
successful. Measurements of colour density were 
made immediately after extraction and at different 
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Time (min.) 


1 1 1 1 
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Fig. 7. Reaction of arginine with 8-hydroxyquinoline by 
the urea method, instead of extraction with butanol. 
(A) Effect of different batches of urea on colour stabiliza- 
tion. Extinction coefficients (Z} %, ) plotted against time. 
O, Urea (Ciba); A, urea (Carlo Erba); 1, urea (Merck). 
(B) Influence of the concentration of arginine on the 
variation of colour with time, for urea (Merck, purissi- 
mum). Concn. of arginine (ug./ml.): O, 2-5; A, 5-0; 
O, 10-0. 
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times up to 72 hr. After 16 hr. there was a decrease 
of 3%, after 48 hr. one of 6-7 % and after 72 hr. one 
of 10:2 %. 


Application of the reaction to protein hydrolysates 


Experiments were performed both on whole 
serum and on precipitates of serum protein. To 
prepare the latter, 1 ml. of 0-1M-acetate buffer at 
pH 4-28 was added to 0-5 ml. of serum and the 
mixture boiled for 5min.; the precipitate was 
collected and dried at 100° in vacuo. The protein 
was hydrolysed in 6N-HCl (1 ml.) in a sealed tube 
for different times at 100°. After hydrolysis the 
product was neutralized with NaOH and diluted to 
100 ml. with water. With whole serum, the same 
procedure was followed except that 0-5 ml. of 
12N-HCl was used. In four experiments the average 
yield of arginine increased by 50% between 2 and 
8 hr.; with longer times of hydrolysis there was a 
slight and probably not significant decrease. As an 
average of arginine determinations on proteins of 
sixteen human sera a value of 7-5 mg. of arginine/ 
16 mg. of total nitrogen was found. 

Recovery experiments were also done under 
these conditions. Pure arginine was added to the 
serum before hydrolysis. After hydrolysis for 8 hr., 
arginine determinations were made at dilutions of 
1:2000 and 1:1000. Quantitative recoveries were 
obtained, as indicated in Table 1. 

With protein hydrolysates, 0-3% hypobromite 
was used in place of 0-15%, even though the ex- 
tinction coefficient obtained was lower (H1%, = 1160 


lem. 


Table 1. Recovery of arginine added to 
protein hydrolysates 


To 1 ml. of serum different amounts of pure arginine 
(base), 1-65-6-61 mg. were added. Hydrolysis was carried 
out as described in the text and the neutralized product 
made up to 100 ml. After shaking with a few milligrams of 
decolorizing carbon and filtering, the arginine reaction was 
performed on 0-5 and 1 ml. of the filtrate, with hypobromite 
at a concentration of 0-3% (Hi %,, 1160). 


Arginine Total 
added arginine Arginine 
(mg./ml. content recovered Recovery 
of serum) (mg.) (mg.) - (%) 
Reaction on 0-5 ml. of filtrate 
0 4-30 
1-65 5-95 1-65 100-0 
3-30 7-59 3-29 99-7 
4-96 9-20 4-90 98-8 
6-61 10-96 6-66 100-7 
Reaction on 1 ml. of filtrate 

0 4:30 os 
1-65 6-00 1-70 103-0 
3-30 7-60 3°30 100-0 
4-96 9°35 5-05 101-8 
6-61 10-95 6-65 100-6 
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instead of 1280). This hypobromite concentration 
appeared the most convenient at the hydrolysate 
concentrations indicated. Values lower than those 
expected were obtained in recovery experiments 
with the 0-15 % hypobromite. With this concentra- 
tion quantitative recoveries could be obtained by 
further dilution of the hydrolysates (dilution at 
1:4000—1: 5000). 


DISCUSSION 


The procedure described permits quantitative 
application of the Sakaguchi reaction. The greatest 
advantage of the method is the stability of the 
coloured product in butanol. The sensitivity, 
already high in the original method, is further 
increased, since the volume of the final coloured 
solution is reduced by the extraction. 

For concentrations of arginine ranging between 
0-5 and 6yg./ml. there is a linear relationship 
between quantity and colour yield and there is good 
reproducibility. The variability of the older method 
introduced by variability in the quality of urea, by 
nitrogen-bubble formation, by condensation on 
cuvettes and by rapid decrease of colour intensity is 
avoided. These factors are so important that each 
constitutes a serious obstacle to the quantitative 
application of the older methods. The empirical 
variations of hypobromite concentrations from one 
test to the other, suggested by Sakaguchi (1948), are 
also avoided. This is particularly important, as 
variations in hypobromite concentrations have a 
considerable effect on the colour yield. 

The «-naphthol—diacetyl reaction in the presence 


- 
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of propanol, performed by the method of Rosenberg 
et al. (1956), is undoubtedly an improvement over 
the original Sakaguchi (19254, b; 1948, 1950, 1951) 
method, but it is less sensitive than the present 
method and less reproducible. In the present 
method the colour develops immediately, and then 
shows no significant change for a long time; the 
influence of temperature is also limited. 


SUMMARY 


1. The colour formed by the reaction of arginine 
with 8-hydroxyquinoline in the presence of hypo- 
bromite is stabilized by extraction with butanol, 
and the use of urea avoided. 

2. A study of variables that may interfere in the 
reaction is presented, and the optimum conditions 
for performing the test are established. 

3. The amount of hypobromite necessary to 
avoid interference by protein hydrolysates is 
determined. 

4. The reaction allows quantitative determina- 
tion of arginine between 0-5 and 6yg./ml.; the 
colour is stable for at least 12 hr. Results are con- 
stant and reproducible (standard deviation + 1-3 %). 
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Colorimetric Determination of Tyrosine 


By G. CERIOTTI anp L. SPANDRIO 
‘Centro Tumori’ di Busto Arsizio, Italy 


(Received 18 January 1957) 


The colour reaction between «-nitroso-8-naphthol 
and tyrosine was discovered by Gerngross, Voss & 
Herfeld (1933). Despite its sensitivity and its 
specificity, it was not used by these authors as 
a quantitative method, because of the instability of 
the colour formed. Attempts to find conditions 
which allowed stabilization of the red colour were 
made by Thomas (1944) and Giral (1944), but, 
under the conditions proposed by these authors, 
stability was far from satisfactory. Udenfriend & 
Cooper (1952) proposed the transformation of 
the unstable red colour into a stable yellow one, 
by heating in nitric acid solution and subsequently 
extracting the excess of reagent by ethylene di- 


chloride. Good stabilization was obtained by this 
method. 

By a systematic investigation of the different 
variables of the «-nitroso-8-naphthol reaction with 
tyrosine, we found that it was possible to stabilize 
the red colour and to use a simplified procedure 
which avoided extraction by ethylene dichloride. 


EXPERIMENTAL 


Materials 


a-Nitroso-B-naphthol (Carlo Erba). The reagent was re- 
crystallized from ethanol and dissolved in 0-1N-NaOH to 
give a 0-1% solution. To obtain complete solution the 
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substance had to be finely powdered and heated at 100° 
with the NaOH. Traces of undissolved compound were re- 
moved by filtration. 

Nitric acid solution. Concentrated ‘chemically pure’ 
HNO, was diluted with water to 2-5n. 

Concentrated hydrochloric acid. The ‘chemically pure’ acid 
(sp.gr. 1-19) was used. 

Tyrosine. The purity of the sample (Merck) was checked 
by paper chromatography with various solvents. The tyro- 
sine was dried to constant weight and then dissolved in 
water by slight acidification with dilute HCl. For the test, 
standard solutions were made at concentrations ranging 
between 1 and 20 yg./ml. 


PROCEDURE 


The following procedure was finally chosen. To 
5 ml. samples of solution containing tyrosine, 1 ml. 
of «-nitroso-8-naphthol solution, 0-5 ml. of HNO, 
and 1-5 ml. of HCl were added. The mixture was 
shaken well, heated in boiling water for exactly 
2 min. and then cooled immediately under running 
water. The time of boiling was calculated from the 
moment the water bath started boiling again after 
introduction of the test tubes. A large water bath 
was necessary to obtain rapid equilibration of the 
temperature in the test tubes. 

The red colour developed was read on a Beckman 
DU spectrophotometer at 510 my against a blank 
treated in an identical manner. The absorption curve 
(Fig. 1) showed a unique peak with a well defined 
maximum at 510 my, Beer’s law being followed at 
concentrations ranging from 1 to 16 wg./ml. (Fig. 2). 
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Fig. 1. Absorption spectrum of the red colour formed 
during the reaction of «-nitroso-8-naphthol with tyrosine. 
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The value of £}%, was 305. The results were con- 


stant and reproducible, and standard deviation, 
calculated four times on groups of ten samples, 
gave a value of +1:5%. 

Effect of heating, and colour stability. During 
heating, the solution first becomes cloudy and 


yellow owing to the nitrosonaphthol, then the | 


colour changes to red in the tubes containing tyro- 
sine and disappears in the blank, which is perfectly 
clear after 1 min. 

Colour is almost fully developed after heating for 
1-5 min. and reaches its maximum at 2 min. It 
remains stable for 1 min. and then decreases slowly; 
after 9 min. the decrease in optical density is about 
15 % (Fig. 3.4). 

In cooled solutions the red colour is stable; 
readings taken after 3 hr. were not significantly 
different from those taken immediately after 
cooling the mixture. After 24 hr. at room temper- 
ature a decrease of 10-8 % was observed (Fig. 2). 

Influence of «-nitroso-B-naphthol concentration. 
The reaction was performed as described, but with 
«-nitroso-B-naphthol solutions at concentrations 
ranging from 0-012 to 0-1%. A steady increase in 


extinction coefficient was observed with increasing _ 


nitrosonaphthol concentration (Fig. 3B). Concea- 


trations higher than 0-1% could not be used, be- | 


y 


Optical densit 


T 


10 15 
Conen. of tyrosine (ug./ml.) 

Fig. 2. The tyrosine-nitrosonaphthol reaction. Relation 
between quantity of tyrosine and colour yield and the 
stability of the colour. O, Readings taken immediately 
after the reaction was performed; [, readings taken 
24 hr. later. 
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cause at this concentration the 0-1N-NaOH was 
saturated. 

Influence of nitric acid. To 0-5 ml. of solution 
containing the chosen quantity (usually 50 ug.) of 
tyrosine, various amounts of 2-5N-HNO, were 
added (0-5-3 ml.), the volume was made up to 
5-5 ml. with water, the «-nitroso-8-naphthol solu- 
tion and the concentrated HCl were added and 
the reaction was performed as usual. Almost no 
difference was observed between the tests with 
0-5 and 1 ml. of HNO,. With increasing amounts 
of HNO, , however, a sharp decrease of the extinction 
coefficient took place (Fig. 3C). 

Influence of hydrochloric acid. The procedure 
employed was the same as that described in the 
preceding paragraph, with the difference that the 
amount of HNO, remained constant and that of 
HCl was varied from 0-0 to 3-0 ml. Without HCl 
and also with 0-5 ml. the red colour did not appear; 
in its place a yellow colour developed, with a 
maximum absorption at 450 my. The blank also 
remained yellow under these conditions. With 
1:0 ml. of HCl the red colour appeared but was 
contaminated by an orange shade; the blank was 
a faint yellow. With 1-5 ml. of HCl the tyrosine 
tube was red and the blank colourless. No important 
differences of extinction coefficient were observed 
with addition of HCl ranging between 1:0 and 
2:0 ml. With larger amounts a noticeable decrease 
was observed (Fig. 3D). 

Specificity of the reaction. As already observed by 
Thomas (1944) and by Udenfriend & Cooper (1952), 
the reaction is positive for tyramine as well as 
for tyrosine. At the same molar concentration 
tyrainine gave an extinction coefficient 24 % higher 
than tyrosine, which is not far from the 30 % found 
by Thomas. On the other hand, p-hydroxyphenyl- 
ethanolamine at equimolar concentrations gave 
only 21 % of the colour given by tyrosine. 

Other substances tested were trytophan, trypt- 
amine and 5-hydroxytryptamine. With these sub- 
stances the reaction was almost negative. 


Application of the reaction to protein hydrolysates 

Hydrolysis experiments were performed both 
with whole serum and with protein precipitated 
from serum by heating at pH 4-28. The protein from 
1 ml. of serum was dissolved in 2 ml. of 5n-NaOH 
and heated in a sealed tube at 100° for different 
times. The solution was neutralized with n-HCl and 
diluted to 50 ml. with water, and coloured products 
were removed with a few milligrams of active carbon. 
A similar procedure was used for whole serum 
(lml. of 10N-NaOH to 1 ml. of serum). Tyrosine 
was determined on 0-5ml. samples of diluted 
hydrolysates made up to 5 ml. with water. 

After hydrolysis for 1 hr. the solution was clear, 
and from this time up to 10 hr. results were almost 
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123456789 00501 051525 10203-0 
Time of boiling Concn. of Vol. of Vol. of concn. 
(min.) nitrose- 2-5N-HNO; HCI (ml.) 
(ml.) 


Fig. 3. Effect of the following variables on the colour yield 
in the reaction of tyrosine with nitrosonaphthol]: A, Time 
of heating; B, nitrosonaphthol concentration; C, amount 
of HNO,; D, amount of HCl. 


Table 1. Recovery experiments 


To 1lml. of serum different amounts of tyrosine (1- 
10 mg.) were added. Hydrolysis was then performed with 
1 ml. of n-NaOH for 2 hr. at 100°. After neutralization the 
solutions were diluted to 100 ml. with water. The reaction 
was performed on 0-5 ml. of the final solution made up to 
5 ml. with water. 


Tyrosine 
added to Total 
1 ml. of tyrosine Tyrosine 
serum content recovered Recovery 
(mg.) (mg.) (mg.) (%) 
0 4-426 
1 5-442 1-016 101-6 
2 6-327 1-901 95-0 
4 8-360 3-934 98-4 
6 10-490 6-064 101-0 
8 12-459 8-033 100-4 
10 14-490 10-064 100-6 


constant but with a slight tendency to decrease; 
a hydrolysis time of 2 hr. was chosen as optimum. 
Alkaline hydrolysis was preferred because it is more 
rapid; acid hydrolysis required about 10 hr. to give 
similar results. Hydrolysis was necessary only in 
order to obtain clear solutions, and the reaction 
may be used on intact proteins (Thomas, 1944). 

Recovery experiments. To 1 ml. of serum different 
amounts of tyrosine, ranging from 1 to 10 mg., were 
added, before hydrolysis. The usual procedure for 
hydrolysis was then followed. Quantitative re- 
coveries were obtained (Table 1). 


DISCUSSION 


The experimental conditions employed in the 
present method result in stabilization of the red 
colour developed by the reaction between «-nitroso- 
B-naphthol and tyrosine. The most important 
difference between the present method and that of 
Thomas (1944) is the use of 0-1N-NaOH, instead of 
ethanol, for the solutian of nitrosonaphthol. The 
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reaction may be more readily standardized because 
the time of heating is not so critical as in the method 
of Thomas. Further, the time of heating is suffi- 
ciently long to allow equilibration between the 
boiling-water bath and the content of the test tubes, 
so that differences in wall thickness are not im- 
portant. It is also unnecessary, since the colour is 
stable, to take readings within 8 min. of com- 
pletion of the reaction. The reaction is thus easier 
to handle and more reproducible than the earlier 
method. 

The present method is also preferable to that of 
Udenfriend & Cooper (1952) since it avoids ex- 
traction of the excess of nitrosonaphthol by ethylene 
dichloride. Recoveries also seem to be more 
complete by our method. 

As far as specificity is concerned our method does 
not differ from those of Thomas (1944), Giral (1944) 
and Udenfriend & Cooper (1952). The only com- 
pound which could seriously interfere appears to be 
tyramine, which is commonly absent from protein 
hydrolysates. 
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SUMMARY 


1. An improved method for the quantitative — 


determination of tyrosine by the Gerngross—Voss- 
Herfeld (1933) reaction is described. Optimum 
experimental conditions were selected. 

2. The solution of «-nitroso-8-naphthol was 
made in aqueous 0-1N-sodium hydroxide. The 
exclusion of ethanol from the reaction allowed 
stabilization of the colour. 

3. Linearity of colour response was obtained 
with solutions containing between 1 and 16 yg. of 
tyrosine/ml. 

4. The method can be used to estimate the 
tyrosine content of proteins. 
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The Metabolism of the Trichloronitrobenzenes in the Rabbit 


By J. J. BETTS, H. G. BRAY, SYBIL P. JAMES anv W. V. THORPE 
Department of Physiology, The Medical School, University of Birmingham 


(Received 1 February 1957) 


In the rabbit the labile nitro group of pentachloro- 
nitrobenzene and of 2:3:4:6- and 2:3:5:6-tetrachloro- 
nitrobenzene is replaced by an acetyleysteyl group 
with the formation of a mercapturic acid (Betts, 
James & Thorpe, 1955b; Bray, Hybs, James & 
Thorpe, 1953), whereas in certain of the dichloro- 
nitrobenzenes mercapturic acid formation occurs 
by replacement of a labile chlorine atom (Bray, 
James & Thorpe, 1957). It was, therefore, of 
interest to examine the metabolic fate of the tri- 
chloronitrobenzenes with particular reference to 
mercapturic acid formation and its relationship to 
the lability of the chlorine atoms and nitro groups 
present. A preliminary account of the metabolism 
of three of these compounds has been given (Bray, 
James & Thorpe, 1955). In this paper a detailed 
account of the fate of the six isomers in the rabbit is 
presented. 


MATERIALS 


Melting points are uncorrected. 

The trichloronitrobenzenes were prepared according to 
the method of Holleman & Haeften (1921). The melting 
points of the isomers were: 2:3:4-, 53°; 2:3:5-, 44-45°; 
2:3:6-, 87-88°; 2:4:5-, 57°; 2:4:6-, 69°; 3:4:5-, 70-71°. The 


corresponding anilines were prepared by reduction of the 
nitro compounds with Sn and HCl in ethanol; melting 


points agreed with those given in the literature. 2:3:4- _ 


Trichloroaniline was acetylated to give 2:3:4-trichloro- 
acetanilide, m.p. 131° [Beilstein & Kurbatow (1879) gave 
120-122°] (Found: N, 5:8. Calc. for CsH,ONCI, : N, 59%). 
4-Bromo-3:5-dichloronitrobenzene, m.p. 88°, was prepared 
by the method of Fliirscheim & Simon (1908). 

2:4:5:2/:4’:5’- and Yy 
m.p. 170° and 226° respectively, were prepared by refluxing 
in absolute ethanol for 0-5 hr. the corresponding trichloro- 
phenylhydroxylamines, which were obtained by the method 
of Haworth & Lapworth (1921) (Found for 2:4:5-isomer Cl, 
52-4. C,.H,ON,Cl, requires Cl, 526%). 

2:4:6-Trichloro-3-nitrophenol, m.p. 69-70°, was pre- 
pared by the method of Daccomo (1885) (Found: N, 5:7. 
C,H,0,NCI, requires N, 5:8%). Daccomo gave no analysis. 
Reduction with sodium dithionite gave 3-amino-2:4:6- 
trichlorophenol, m.p. 95° as found by Daccomo. (This 
compound, prepared by a different method, was character- 
ized as the acetyl derivative by Jacobs, Heidelberger & Rolf, 
1919.) 4-Amino-3:5-dichlorophenol, m.p. 154°, was pre- 
pared by the reduction with sodium dithionite of 3:5- 
dichloro-4-nitrophenol obtained by the method of Hodgson 
& Wignall (1927). 

2:3:6:2’:3':6’-Hexachlorodiphenyl disulphide was synthe- 
sized from 2:3:6-trichloroaniline by the method of Jondorf, 
Parke & Williams (1955). The yield was 1% of colourless 
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needles, m.p. 105° after recrystallization from aqueous 
ethanol (Found: C, 34-2; H, 1-0; Cl, 49-9; S, 15-2. C,,.H,Cl,S, 
requires C, 33-9; H, 0-95; Cl, 50-1; 8, 15-1%). 2:4:6:2’:4’:6’- 
Hexachlorodipheny] disulphide, m.p. 173°, was prepared by 
the method of Jondorf et al. (1955). 

Mercapturic acids were synthesized by the method of 
Parke & Williams (1951) as modified by Bray, James & 
Thorpe (1956). The difficulty of preparation of 2:3-dichloro- 
6-nitroaniline made an attempt at synthesis of N-acetyl-S- 
(2:3-dichloro-6-nitrophenyl)-L-cysteine impracticable. N- 
acetyl-S-(2:4-dichloro-6-nitrophenyl)-L-cysteine was obtained 
from 2:4-dichloro-6-nitroaniline, m.p. 99°, prepared by the 
chlorination of o-nitroaniline with KClO, (cf. Holleman, 
1904), N-acetyl-S-(4:5-dichloro-2-nitrophenyl)-L-cysteine from 
4:5-dichloro-2-nitroaniline, m.p. 176°, prepared by the 
method of Beilstein & Kurbatow (1879), N-acetyl-S-(2:5- 
dichloro-4-nitrophenyl)-L-cysteine from 2:5-dichloro-4-nitro- 
aniline, m.p. 153°, prepared by the method of Holleman & 
Haeften (1921), and N-acetyl-S-(2:6-dichloro-4-nitrophenyl)- 
L-cysteine from 2:6-dichloro-4-nitroaniline, m.p. 189-190°, 
prepared by the method of Holleman (1904). The properties 
of these acids are given in Table 1 and the solvents used for 
their recrystallization in Table 3. The 4-nitro isomers gave 
an intense yellow colour when heated with n-NaOH; the 
2-nitro isomers gave only a feeble colour. 

The product first obtained from 4:5-dichloro-2-nitro- 
aniline did not analyse correctly for N-acetyl-S-(4:5- 
dichloro-2-nitrophenyl)-L-cysteine; the values for C and H 
were high and those for N, Cl and S were low. The same 
product was obtained biosynthetically from the urine of 
rabbits dosed with 2:4:5-trichloronitrobenzene. The identity 
of the products from the synthetic and biosynthetic routes 
made it difficult to believe that the compounds were not 
mainly the expected mercapturic acid. The properties were 
not changed by several recrystallizations from aqueous 
acetone. As evidence for the identity of the two prepara- 
tions there was close agreement between the ultraviolet and 
infrared spectra, the optical rotations, the X-ray powder 
photographs and the behaviour on paper chromatograms. 
[The evidence of mixed m.p. was of doubtful value since 
there was no depression of m.p. of either preparation on 
admixture with N-acetyl-S-(2:5-dichloro-4-nitropheny]l)-L- 
cysteine.] Comparison of the infrared spectra with that of 
N-acetyl -S - (2:4 - dichloro - 6 - nitrophenyl) -L- cysteine sup- 
ported the results of the analyses for acetyl, which were 
in accord with a monoacetyl derivative. The discrep- 
ancy between the found and the expected elementary 
analyses was finally traced to the inclusion of some of 
the acetone used for recrystallization. By heating the 
compound for 10 hr. at 100° the loss in weight was 7:1%; 
requires 7:6%. The unheated 
compound gave a positive nitroprusside test for acetone 
(Feigl, 1947) but the heated compound did not. Neither 
N-acetyl-S-(2:3-dichloro-6-nitrophenyl)-L-cysteine nor N- 
acetyl-S-(2:5-dichloro-4-nitrophenyl)-L-cysteine after re- 
crystallization from aqueous acetone gave a positive nitro- 
prusside test. The infrared spectrum of the heated com- 
pound was not significantly different from that of the original 
compound, which for this measurement had been dried in 
high vacuum at room temp. to remove last traces of water. 
This treatment evidently removed much of the acetone 
although the original drying of the compounds for analysis 
at 65° at 15 mm. did not. When the infrared spectrum of the 
original compound was measured by the Nujol technique, 


Table 1. Properties of some N-acetyl-S-(dichloronitrophenyl)-L-cysteines 


Analysis 
A. 
Cl 


(%) (%) (%) (%) (%) 


Amin, Inflexion 


(mp) 


Absorption spectrum in 0-1n-KOH 


[«]?? in ethanol 


Equiv. 


(%) 


S H,C-CO- 


H N 


(mp) 


M.p. 


Cryst. form 
Yellow needles 163-164° 


Yellow 


Source 


Urine 


Isomer 
2:3-Dichloro-6-nitro 


347 


376 3:0 7:9 20:1 91 


227 
227 


246 


351 


13-3 


37-6 2-7 81 20-4 88 


248 
248 
281 


5 699 
5 187 
7 620 


263 
263 


0-54 


0-8 


+754+5 0-35 
+7445 
+643 


{ 159-160 


159 


needles 
Buff elongated 176 


Urine 
Synthesis 


2:4-Dichloro-6-nitro 


352 


376 2:9 80 20:7 9-0 


256 


340 


1 


Synthesis 


2:5-Dichloro-4-nitro 


plates 


327 


376 2:8 7:3 20:5 9-6 


18 290 231 
3 261 328 


255 
382 


0:30 


+6745 


Synthesis 174 


4:5-Dichloro-2-nitro 
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370 


11-4 


39-1 34 7:3 183 81 


18 400 231 
328 


255 
385 


+6445 0-44 


175 


3 390 


20 200 


390 


12-2 


38-7 38 7:3 182 8-0 


231 
328 


3 720 


255 
386 


0-41 


+6745 


174 


needles 


Yellow 


Acetone complex of 4:5- Urine 


dichloro-2-nitro* 


Synthesis 
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which avoided drying in high vacuum, two major differ- 
ences were observed, a peak at 1700 cm. attributable to 
a ketonic C=O and enhanced intensity at 785 cm.—!. The 
heated material did not show these features. It is reasonable 
to conclude, therefore, that the compounds which had been 
obtained after recrystallization from aqueous acetone 
(ethanol was not suitable) crystallized with 0-5 mol.prop. 
of acetone. The properties of the compounds are given in 
Table 1. 


METHODS 


Animals, diet and dosage. The rabbits and diet were as 
previously described (Bray, Ryman & Thorpe, 1947). The 
compounds were administered by stomach tube as sus- 
pensions in water at a dose level of 0-2, 0-4 or 0-8 g./kg. No 
toxic effects were observed. The urines were collected every 
24 hr. and analysed usually for 3 days after dosing. 


Determination of metabolites 

Ethereal sulphate. The method of Folin (1905-06) and the 
turbidimetric method described by Bray & Thorpe (1954) 
were used. 

Glucuronic acid. The method of Hanson, Mills & Williams 
(1944) as modified by Bray, Humphris, Thorpe, White & 
Wood (1952) was used. Copper-reducing material was 
determined as described by Bray, Neale & Thorpe (1946). 

Mercapturic acid. The method of Stekol (1936) was 
modified as described by Betts et al. (19556); the hydrolysis 
was effected with 2N-NaOH. The recoveries of N-acety]-S- 
(2:3-dichloro-6-nitrophenyl)-, N-acetyl-S-(2:4-dichloro-6- 
nitrophenyl)-, N-acetyl-S-(4:5-dichloro-2-nitropheny])- and 
added 
to urine were 60, 80, 33 and 39% (all +5%) respectively. 
The last acid was also determined by the colorimetric 
method of Bray et al. (1956); the recovery of the acid added 
to urine was 95+2%. 

Catechols. The method of Azouz, Parke & Williams (1953) 
was used with 4-chlorocatechol as standard. 

Trichloroanilines. 2:3:4-, 2:3:5-, 2:4:5- and 3:4:5-Tri- 
chloroaniline were separated by steam-distillation of urine 
adjusted to pH 10 (free base from urine as collected and 
total base from urine after hydrolysis for 1 hr. with n- 
H,S0, in a boiling-water bath) and were then determined by 
diazotization and coupling with N-(1-naphthyl)ethylene- 
diamine (Bratton & Marshall, 1939). The recoveries of the 
bases added to urine were 100, 89, 94 and 100% (all +5%) 
respectively. 2:4:5-Trichloroaniline was also determined 
(recovery 94%) by the Bratton & Marshall method applied 
directly to urine since these urines contained only very small 
amounts of aminophenols. 2:3:6- and 2:4:6-Trichloro- 
aniline were determined by weighing the solid which 
separated from the steam-distillate and estimating the 
amount in the supernatant by the method of Bratton & 
Marshall (1939). 


Examination of faeces 


The 72 hr. faeces were examined for unabsorbed material 
present both as nitro compound and as the corresponding 
base. 2:3:6-, 2:4:6- and 2:4:5-Trichloronitrobenzene were 
determined polarographically (Bray et al. 1953). 2:3:4-, 
2:3:5- and 3:4:5-Trichloronitrobenzene were separated by 
steam-distillation and determined after reduction to the 
corresponding base. All the trichloroanilines were deter- 
mined in steam-distillates of the faeces. 
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Examination of urines 

Isolation of metabolites. The urine was acidified (pH 1) 
and continuously extracted with ether. The extract was 
successively extracted with n-NaHCO, and 0-5n-NaOH 
and, after appropriate adjustment of pH, these aqueous 
extracts were extracted with ether; from these ether 
extracts (acid and phenol fractions), mercapturic acids and 
phenols respectively were separated; the trichloroanilines 
were isolated from the residual ether (base fraction), 
Alternatively, the bases were separated by steam-distilla- 
tion as described above. Azoxy compounds, which occurred 
with the base, could be separated by their low solubility in 
ethanol. The acid fractions from urines of animals dosed 
with 2:3:6- and 2:4:6-trichloronitrobenzene were hydrolysed 
for 1 hr. with 2n-NaOH;; the solution was then acidified and 
the thiophenol was separated by steam-distillation and 
oxidized with ethanolic iodine to the hexachlorodiphenyl 
disulphide. 

The compounds listed in Table 3 were isolated from the 
expected acid, phenol, or base fraction unless stated 
otherwise. Melting points were not depressed by admixture 
with authentic samples. 

Paper chromatography. Extracts A, B, C and D were 
prepared from the urines as described by Bray et al. (1956) 
and examined for bases, aminophenols and nitrophenols, 
and mercapturic acids, by the ascending method as de- 
scribed by Bray, Thorpe & White (1950). The R, values of 
the reference compounds are given in Table 4. 


RESULTS 


Except with 3:4:5-trichloronitrobenzene, less than 
1 % of the dose was found in the faeces and this was 
present as trichloroaniline. About 4% of a dose of 


the 3:4:5-isomer was unabsorbed; part of this had — 


not been reduced to the aniline. The average daily 
urinary excretions of normal metabolites by the 
rabbits used were of the same order as those found 
previously (e.g. Bray et al. 1953). The quantitative 
results obtained after administration of the tri- 
chloronitrobenzenes are summarized in Table 2 
which shows that a satisfactory proportion of the 
dose has been accounted for with all except the 
2:4:6-isomer, of which only 65% was traced. All 
except this isomer formed considerable amounts of 
mercapturic acid. The increase in the excretion of 
glucuronic acid, as measured by the naphtho- 
resorcinol method, after feeding each isomer was 
always accompanied by an increase in the reducing 
value of the urine which corresponded to 60-100 % 
of the glucuronic acid. The values for catechols 
excreted after dosage with 2:3:4- and 2:3:6-tri- 
chloronitrobenzene are imprecise since the correct 
reference compounds were not available as stand- 
ards. Since the presence of these catechols was not 
confirmed by their detection or isolation, the 
amounts have not been included in the totals 
accounted for. 

A more detailed examination of the excretion of 
the metabolites of 2:3:6- and 2:4:5-trichloronitro- 
benzene was made by analysis of successive urine 
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samples as described by Bray, Thorpe & White 
(1951). The results of an experiment with 2:3:6- 
trichloronitrobenzene are shown in Fig. 1. There 
would appear to be considerable delay in absorption 
since no significant percentage of the dose is ex- 
ereted until after 5 hr. (cf. Betts, Bray, Thorpe & 
White, 1955a). As soon as there is a sufficient 
excretion of metabolites to eliminate the possibility 
of large errors due to fluctuation in excretion of 
normal metabolites (after about 8 hr.) the ratio of 
glucuronic acid to reducing value is approximately 
constant. This suggests a labile glucosiduronic acid, 
and it is perhaps significant that the trichloro- 
aminophenols detected were obtained from un- 
hydrolysed acidified urine (see Table 4). 


Metabolites isolated or detected 


The metabolites isolated and the yields obtained 
are listed in Table 3. The properties of the mer- 
capturic acids are given in Table 1. The metabolites 
detected by paper chromatography in extracts 
A, B, C and D of the urines are listed in Table 4. 
Although some of the aminophenols detected could 
not be compared with authentic synthetic speci- 
mens, structures can be attributed to them with 
fair certainty on the basis of chemical reactions and 
the fact that only two isomers are possible from the 
asymmetrical compounds and only one from the 
symmetrical 2:4:6- and 3:4:5-trichloronitroben- 
zenes. The chemical tests used were the bright- 
yellow diazo oxide colour at the nitrous acid stage 
of the Bratton & Marshall (1939) test, indicating 
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Fig. 1. Excretion of metabolites by a rabbit dosed with 
1 g. of 2:3:6-trichloronitrobenzene. @, Glucuronic acid; 
O, reducing material calculated as glucuronic acid; 0, 
mercapturic acid; A, trichloroaniline. The curve without 
experimental points shows the values (amount of gluc- 
uronic acid/amount of reducing material) (@/R). 
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an o-aminophenol, and the indophenol test (Thorpe, 
Williams & Shelswell, 1941), indicating a p-amino- 
phenol. Only the following metabolites require 
comment. 

From 2:3:4-trichloronitrobenzene. The amount of 
aminophenol isolated was insufficient for an 
elementary analysis. It gave a positive Folin & 
Ciocalteu reaction and an intense yellow colour 
with nitrous acid. It is, therefore, probable that 
this was the o-aminophenol, 2-amino-3:4:5-trichloro- 
phenol. There was no evidence for the presence of 
5-amino-2:3:4-trichlorophenol. 

From 2:3:5-trichloronitrobenzene. The amino- 
phenol was isolated as 2:3:5-trichloro-6-hydroxy- 
acetanilide (Found: N, 5:3. C,H,O,NCl, requires 
N, 55%). The crystals gave a positive Folin & 
Ciocalteu reaction and, after hydrolysis with 
2n-HCl, a bright yellow colour with nitrous acid. 
This identification is supported by the detection of 
the other possible isomer, the p-aminophenol, by 
paper chromatography (Table 4). 

From 2:3:6-trichloronitrobenzene. 2:3:6-Trichloro- 
aniline was obtained as a precipitate when the urine 
was acidified (pH 1). This material did not contain 
sulphur. No mercapturic acid was isolated from 
the syrupy acid fraction, but paper chromatograpuy 
revealed a sulphur-containing zone corresponding 
to R, 0-95 in solvent A. No nitro compounds 
(yellow spots) were detected in this zone. In 
another experiment alkaline hydrolysis of the acid 
fraction and oxidation of the product (see Methods) 
yielded disul- 
phide. The phenol fraction yielded 4-amino-2:3:5- 
trichlorophenol (Found: C, 33-5; H, 1-8; N, 6:6. 
C,H,ONCI, requires C, 33-9; H, 1-7; N, 6-6%). It 
gave an indophenol test for y-aminophenols. No 
other aminophenol was detected. The nitrophenol 
detected in extract B was 2:3:5-trichloro-4-nitro- 
phenol, for when the phenol was eluted from the 
chromatogram and reduced it gave only 4-amino- 
2:3:5-trichlorophenol. 

From 2:4:5-trichloronitrobenzene. The base frac- 
tion contained, in addition to trichloroaniline, 
(Found: (C, 
35-7; H, 1-3; N, 6-9. C,.H,ON,Cl, requires C, 35-6; 
H, 1-0; N, 6-9%). No aminophenols were isolated 
from either unhydrolysed or hydrolysed urine but 
one 0-, one m- and one p-aminophenol were detected 
by paper chromatography. The p-aminophenol was 
identified as 4-amino-2:5-dichlorophenol by com- 
parison with a synthetic specimen (Bray et al. 
1957). The colour with diazotized p-nitroaniline 
was pale green. The o- and m-aminophenols were 
presumably 2-amino-3:5:6- and 5-amino-2:3:6- 
trichlorophenol (the only possible aminotrichloro- 
phenols), since the R, values were different from 
those of 2-amino-4:5- and of 5-amino-2:4-dichloro- 
phenol (Bray et al. 1957). The nitrophenol detected 
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was probably 2:3:6-trichloronitro-5-nitrophenol 
since after reduction it gave the phenol identified 
as 5-amino-2:3:6-trichlorophenol above. 

From 2:4:6-trichloronitrobenzene. 2:4:6-Trichloro- 
aniline was obtained both by acid precipitation and 
by steam-distillation. Paper chromatography of 
the syrupy acid fraction indicated the presence of 
a sulphur-containing metabolite with an R, value 
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0-35 in solvent A and of 2:4:6-trichloro-3-nitro. 
phenol. The syrup was hydrolysed with 2n-NaOH 
and the resulting thiophenol was converted into 
2:4:6:2’:4’:6’-hexachlorodiphenyl disulphide. The 
phenol fraction yielded crystals, m.p. 150° after 
recrystallization from light petroleum (b.p. 90- 
100°). Insufficient was obtained for a mixed m.p. 
but it was identified by paper chromatography as 


Table 4. R, values and detection of metabolites of trichloronitrobenzenes and 2:4:6-trichloroaniline 
Solvent mixtures and times of run on Whatman no. 4 paper: A, n-butanol-3 n-(NH,),CO,-3N-NH, soln. (4:3:3 by vol.; 


Corner & Young, 1954) (2 hr.); B, light petroleum (b.p. 90°)—benzene-98 % formic acid (3:1:2 by vol.) (1 hr.). Detecting 
reagents: a, 2N-HCl, 0-1% NaNO,, 0-5% ammonium suiphamate and 0-1% N-({1-naphthyl)ethylenediamine dihydro- 
chloride (Bratton & Marshall, 1939); b, 20% (w/v) Na,CO,;. Colours of spots: B, blue; M, magenta; O, orange; P, purple; 
R, red; Y, yellow; d, deep; p, pale; vp, very pale. The compounds in parentheses or brackets were not synthesized. The 
arguments for the suggested constitutions are given in the Results section. 


Metabolites were sought in extracts A, B, C and D (see Methods). Compounds found in extracts of hydrolysed urine 
(C and D) are probably excreted in combined form. +, Present; (+), present in traces; —, absent. 


solvent mixture detecting reagent 
A A 


Ry values in Colour with 


Detected in extract 


A B a b A B Cc D 
Derivatives ot 2:3:4-trichloronitrobenzene 
2:3:4-Trichloroaniline 0-92 0-95 M _ + + + 
(2-Amino-3:4:5-trichlorophenol) 0-81 0-24 vpR* _ = + + - 
0-60 0-0 py - + - - 
Derivatives of 2:3:5-trichloronitrobenzene 
2:3:5-Trichloroaniline 0-92 0-97 M —_— + + + 
(2-Amino-3:4:6-trichlorophenol) 0-75 0-74 vpR* — - + + (+) 
(4-Amino-2:3:6-trichlorophenol) 0-50 0-20 - = + + + + 
065 0:0 py + = 
Derivatives of 2:3:6-trichloronitrobenzene 
2:3:6-Trichloroaniline 0-96 0-98  pOR + - 
(4-Amino-2:3:5-trichlorophenol) 0-72 0-52 M — + + - + 
(2:3:5-Trichloro-4-nitrophenol) 0-60 0-60 -- = - (+) 
Derivatives of 2:4:5-trichloronitrobenzene 
2:4:5-Trichloroaniline 0-90 0-94 M _ + + - + 
(2-Amino-3:5:6-trichlorophenol) 0-80 0-91 vpR* _— - + - = 
(5-Amino-2:3:6-trichlorophenol) 0-85 0-57 M - + 
4-Amino-2:5-dichlorophenol 0:77 0-0 B — (+) (+) + + 
(2:3:6-Trichloro-5-nitrophenol) 0-78 0-30 — 4 (+) - - - 
N-Acetyl-S-(4:5-dichloro-2-nitrophenyl)-L-cysteine 0-65 0-0 x + 
N-Acetyl-S-(2:5-dichloro-4-nitropheny])-L-cysteine 0-76 0-0 — dY - - - - 
Derivatives of 2:4:6-trichloronitrobenzene 
2:4:6-Trichloroaniline 0-94 0-98 pOoR (+) - + 
(2:4:6-Trichloroaniline, conjugate) 0-60 0-0 pOR _ = + = = 
3-Amino-2:4:6-trichlorophenol 0-53 0-81 M ~ (+) 
4-Amino-3:5-dichlorophenol 0-81 0-15 M — (+) = - + 
2:4:6-Trichloro-3-nitrophenol 0-68 0-91 — - (+4) - 
3:5-Dichloro-4-nitrophenol 0-81 0-39 = - - = 
Derivatives of 3:4:5-trichloronitrobenzene 
3:4:5-Trichloroaniline 0-92 0-92 M — + (+) + 
(6-Amino-2:3:4-trichlorophenol) 0-74 vpR* + 
0-71 0-0 dY = = 
Derivatives of 2:4:6-trichloroaniline 
2:4:6-Trichloroaniline 0-94 0-98 pOR _— + - - + 
(2:4:6-Trichloroaniline conjugate) 0-60 860-0 pOR - + - 
3-Amino-2:4:6-trichlorophenol 053 O81 M aa - - - (+) 
4-Amino-3:5-dichlorophenol 0-81 0-15 M (+) + + 


* Bright yellow with nitrous acid. 


+ Approximate; spot very elongated. 
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4-amino-3:5-dichlorophenol. (This compound was 
detected in urine extracts A and D; see Table 4. It 
was also isolated from the urine of rabbits given 
2:4:6-trichloroaniline ; see below.) 

From 2:4:6-trichloroaniline. Steam-distillation of 
urine adjusted to pH 10 yielded 2:4:6-trichloro- 
aniline corresponding to 8 % of the dose. The urine 
was then acidified and immediately a further 
amount of the base (corresponding to 36% of 
the dose) separated. The phenol fraction from 
urine, which had been hydrolysed by boiling with 
5n-H,SO, for lhr., gave 4-amino-3:5-dichloro- 
phenol. 

From 3:4:5-trichloronitrobenzene. From the base 
fraction was 
separated (Found: C, 35-4; H, 1:3; Cl, 51-2. 
C,,H,ON.Cl, requires C, 35-6; H, 1-0; Cl, 52-6%). 
The syrupy phenol fraction was acetylated to give 
colourless needles of ON-diacetyl-6-amino-2:3:4- 
trichlorophenol (Found: N, 4:7. C,H,0,NCl, 
requires N, 4-7%). Although the crystals gave a 
positive Folin & Ciocalteu test the colour was much 
more intense after hydrolysis. The hydrolysed 
material gave an intense yellow colour with nitrous 
acid. 

DISCUSSION 


The trichloronitrobenzenes are almost completely 
absorbed in the rabbit; a significant amount of un- 
absorbed material was found only with the 3:4:5- 
isomer. The compounds all undergo mercapturic 
acid formation, reduction and hydroxylation, 
although within the group there is a wide variation 
in the relative extents to which these three meta- 
bolic pathways are used. The probable origins of the 
metabolites detected are summarized in Fig. 2. 


Mercapturic acid formation 

In the trichloronitrobenzenes certain of the 
chlorine atoms are labile. Their positions in the 
benzene ring and the rate coefficients for their 
liberation on treatment with sodium methoxide 
were determined by Holleman & Haeften (1921). 
These workers also showed that the nitro group of 
the 2:3:6- and 2:4:6-isomers was liberated as nitrite 
ion on treatment with sodium methoxide; this 
lability was confirmed by Betts et al. (1955b), 
although the nitro group in these two compounds 
was considerably less labile than that in 2:3:4:6- 
tetrachloronitrobenzene. The nitro group of the 
2:3:5-isomer is also labile (Table 5). The present 
investigation shows that, in effect, 2:3:4-, 2:3:5-, 
2:4:5- and 3:4:5-trichloronitrobenzene form mer- 
capturic acids by acetyleysteyldechlorination and 
2:3:6- and 2:4:6-trichloronitrobenzene undergo 
acetyleysteyldenitration. The constitution of the 
acids formed from the 2:3:5- and 3:4:5-isomers is 
proved by their identity with synthetic specimens 
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of N-acetyl-S-(2:4-dichloro-6-nitrophenyl)- and N- 
acetyl-S-(2:4-dichloro-4-nitrophenyl)-L-cysteine re- 
spectively. Further confirmation of the structure of 
the mercapturic acid formed from 3:4:5-trichloro- 
nitrobenzene is provided by the isolation of 
from the urine of rabbits given 4-bromo-3:5-di- 
chloronitrobenzene. 

In the absence of a synthetic specimen of N- 
the 
constitution of the mercapturic acid isolated from 
the urine of rabbits dosed with 2:3:4-trichloronitro- 
benzene could not be proved by direct comparison. 
Two observations, however, support the attribu- 
tion of this structure to the biosynthetic material. 
Four nitromercapturic acids, in which the acetyl- 
cysteyl group is para to the nitro group, all have 
absorption spectra with a peak in the region of 
340 mp, whereas five nitromercapturic acids, in 
which the acetyleysteyl group is ortho to the nitro 
group, do not show a peak in this region (Table 1; 
Bray et al. 1956, 1957). The mercapturic acid from 
2:3:4-trichloronitrobenzene showed no peak at 
340 mp. All the four p-nitromercapturic acids give 
an intense yellow colour when heated in n-NaOH, 
whereas the five o-nitromercapturic acids yield 
only a feeble colour under these conditions (see this 
paper and Bray et al. 1956, 1957). The mercapturic 
acid from 2:3:4-trichloronitrobenzene did not give 
an intense yellow colour when heated with n-NaOH. 
It was therefore concluded that the acid was formed, 
in effect, by acetyleysteyldechlorination in the 
expected position 2, and not in position 4. Substi- 
tution of the chlorine in position 3 is most unlikely, 
not only because the chlorine in the meta position to 
the nitro group is the most stable (see Bunnett & 
Zahler, 1951) but also because in eight other 
chloronitrobenzenes, which form mercapturic acids 
by acetyleysteyldechlorination and which have 
chlorine in the meta position, either an ortho or a 
para chlorine is substituted by the acetyleysteyl 
group (Table 5; Bray et al. 1957; unpublished 
results for 2:3-dichloronitrobenzene and 2:3:4:5- 
tetrachloronitrobenzene). | m-Chloronitrobenzene 
does not form a mercapturic acid (Bray e¢ al. 1956). 

According to Holleman & Haeften (1921) the 
most labile chlorine atom in 2:4:5-trichloronitro- 
benzene is in position 4, although the preparation 
of 4:5-dichloro-2-nitroaniline from 2:4:5-trichloro- 
nitrobenzene by treatment with ethanolic ammonia 
solution at 200° (Beilstein & Kurbatow, 1879) 
suggests that the chlorine atom in position 2 is the 
most readily replaceable. The mercapturic acid 
isolated from the urine of rabbits dosed with 
2:4:5-trichloronitrobenzene was compared with 
synthetic specimens of both N-acetyl-S-(4:5- 
dichloro-2-nitropheny])- and N-acetyl-S-(2:5-di- 
chloro-4-nitrophenyl)-L-cysteine. The ultraviolet- 
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and infrared-absorption spectra and optical rota- 
tions left no doubt that the biosynthetic material 
was the o-nitro isomer and quite different from the 
p-nitro isomer. Thus whereas 2:3:4-, 2:3:5- and 
3:4:5-trichloronitrobenzene form mercapturic acids, 
in effect, by acetyleysteyldechlorination at the 
chlorine atom found to be the most labile by 
Holleman & Haeften (1921), in 2:4:5-trichloronitro- 
benzene acetyleysteyldechlorination occurs in posi- 
tion 2 and not in the expected position 4. 

It is reasonable to conclude that 2:3:6- and 2:4:6- 
trichloronitrobenzene, in which even the most 
labile chlorine atoms have a relatively low lability 
(Table 5), form mercapturic acids by acetylcysteyl- 
denitration, since 2:3:6:2’:3’:6’- and 2:4:6:2’:4’:6’- 
hexachlorodiphenyl disulphides respectively were 
obtained from the urines of dosed animals. The 
amount of mercapturic acid formed by the 2:4:6- 
isomer was very small. Paper chromatography 
failed to reveal a mercapturic acid containing a 
nitro group in either of the urines; it is, therefore, 
unlikely that acetyleysteyldechlorination occurs 
with these two isomers. Although the nitro group 
in 2:3:5-trichloronitrobenzene is more labile than 
that in 2:3:6-trichloronitrobenzene, the chlorine in 
position 2 is evidently so much more readily dis- 
placed that acetyleysteyldechlorination occurs to 
the exclusion of acetyleysteyldenitration. The only 
compounds for which evidence of acetyleysteyl- 
denitration has been observed are nitrobenzenes 
which are substituted with chlorine in both ortho 
positions, i.e. pentachloro- and 2:3:4:6-tetrachloro- 
nitrobenzene (Betts et al. 19556), 2:3:5:6-tetra- 
chloronitrobenzene (Bray et al. 1953), 2:3:6- and 
2:4:6-trichloronitrobenzene. 2:6-Dichloroniiro- 
benzene does not form a mercapturic acid (un- 
published work). 
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Reduction 


All the isomers undergo reduction to the corre- 
sponding trichloroaniline. The extent is least (8% 
of the dose) with 2:3:6-trichloronitrobenzene and 
all the 2:3:6-trichloroaniline is excreted in the free 
form. Only small amounts of the 2:3:4-, 2:3:5-, 
2:4:5- and 3:4:5-trichloroanilines are excreted in 
combined form. 2:4:6-Trichloronitrobenzene, how- 
ever, resembles 2:3:4:6-tetrachloronitrobenzene 
(Betts et al. 19556) in that nearly one-third of a 
dose is reduced to the corresponding base, of which 
about two-thirds is excreted as an acid-labile 
conjugate. When 2:4:6-trichloroaniline was ad- 
ministered, 44% of the dose was excreted as the 
base but about 80 % of this was in the form of the 
acid-labile conjugate. Azoxy compounds were 
excreted after administration of 2:4:5- and 3:4:5- 
trichloronitrobenzene and their origin may be 
similar to that of 3:4:3’:4’-tetrachloroazoxy benzene 
formed from 3:4-dichloronitrobenzene (Bray et al. 
1957). 

Hydroxylation 


If a trichloroaniline is hydroxylated, it would be 
expected that the hydroxyl group would occupy 
positions ortho or para to the amino group, since this 
group is the dominant directing group. The m- 
aminotrichlorophenols excreted by rabbits dosed 
with 2:4:5- and 2:4:6-trichloronitrobenzene are 
more likely, therefore, to have been formed by 
reduction of the corresponding nitrophenol rather 
than by hydroxylation of the aminophenol. This is 
supported by the detection of these two nitro- 
phenols as metabolites. All the theoretically 
possible aminotrichlorophenols were detected with 
the exception of the m-aminophenols from 2:3:4- 
and 2:3:6-trichloronitrobenzene. These two may 


Table 5. Mercapturic acid formation in relation to labile growps in trichloronitrobenzenes 
and 4-bromo-3:5-dichloronitrobenzene 


The positions of the labile chlorine atoms and the values for their mobilities (rate coefficients for hydrolysis with meth- 
anolic sodium methoxide at 35°) are those given by Holleman & Haeften (1921). The lability of the nitro group is based on 
reaction with ethanolic NaOH for 15 min. at 100° (Betts et al. 19556). In columns 3 and 4, m,, represents the mobility of 


labile chlorine and Myo, that of the nitro group. 


Mercapturic acid formed by rabbit 


(Percentage of Group replaced 


Position 
of labile 105 mq N liberated Amount by acetyleysteyl 
Compound halogen (I. mole“! min.) as (% of dose) and position 

2:3:4-Trichloronitrobenzene 2 832 0 41 Cl, 2 
2:3:5-Trichloronitrobenzene 2 263 14 21 Cl, 2 
2:3:6-Trichloronitrobenzene 6 16 8* 10 NO,, 1 
2:4:5-Trichloronitrobenzene 4 2310t 0* 30 Cl, 2 
2:4:6-Trichloronitrobenzene 2 37 4* 1 NO,, 1 
3:4:5-Trichloronitrobenzene 4 2460 0 23 Cl, 4 
4-Bromo-3:5-dichloronitrobenzene 4 —_ — 0-5t Br, 4 


* From Betts et al. 1955). 


¢ This is for the mobility of chlorine in position 4, not for the chlorine displaced in the formation of the mercapturic acid. 
t By isolation. On the basis of the amount isolated from 3:4:5-trichloronitrobenzene this would represent an excretion 


of about 6% of the dose as mercapturic acid. 
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have escaped detection if only traces were excreted, 
since many aminophenols are unstable and small 
amounts may be destroyed during isolation, particu- 
larly from hydrolysed urine. 

The identification of 4-amino-3:5-dichlorophenol 
as the major phenolic metabolite of 2:4:6-trichloro- 
nitrobenzene was unexpected. Jt is probable that 
this metabolite was formed by hydroxyldechlorina- 
tion of 2:4:6-trichloroaniline because (a) no 3:5- 
dichloro-4-nitrophenol was detected, (b) the di- 
chloroaminophenol was also isolated from the urine 
of rabbits dosed with 2:4:6-trichloroaniline, (c) the 
dechlorination takes place at position 4 and not at 
position 2, where according to Holleman & Haeften 
(1921) the chlorine of 2:4:6-trichloronitrobenzene is 
most labile, and (d) the lability of even the chlorine 
in position 2 is so small that mercapturic acid is 
formed by acetyleysteyldenitration rather than by 
acetylcysteyldechlorination. With 2:4:6-trichloro- 
aniline, hydroxylation in an ortho or para position 
to the amino group is impossible without elimina- 
tion of a chlorine atom; this may account for the 
fact that the aminodichlorophenol was the main 
phenolic metabolite from this isomer. There is not 
sufficient evidence to indicate the origin of the 
small amount of 4-amino-2:5-dichlorophenol formed 
from 2:4:5-trichloronitrobenzene. 

The observation that hydroxyldechlorination 
can occur makes it necessary to give the reasons 
for the identification of the phenolic metabolites of 
the other trichloronitrobenzenes as aminotrichloro- 
phenols. Only an o-aminophenol was detected from 
2:3:4-trichloronitrobenzene; the R, value was 
different from that of 6-amino-2:3-dichlorophenol 
(Bray et al. 1957), the only possible o-aminodichloro- 
phenol. Elementary analysis showed that the major 
phenolic metabolite of 2:3:5-trichloronitrobenzene 
was a trichloro compound; the minor metabolite 
was a p-aminophenol, which must be the trichloro 
compound since no p-aminodichlorophenol can be 
formed by hydroxyldechlorination of 2:3:5-tri- 
chloronitrobenzene. The only phenolic metabolite 
of the 2:3:6-isomer was a p-aminophenol; this 
analysed correctly for a trichloro compound and no 
p-aminodichlorophenol is possible. The argument 
for the aminophenols from 2:4:5-trichloronitro- 
benzene has been given in the Results section. The 
only aminophenol from 2:4:6-trichloronitrobenzene 
besides 4-amino-3:5-dichlorophenol was identified 
as 3-amino-2:4:6-trichlorophenol by comparison 
with a synthetic specimen. This is the only possible 
aminotrichlorophenol, and the only other possible 
aminodichlorophenol is an 0-aminophenol. The only 
phenolic metabolite of 3:4:5-trichloronitrobenzene 
was an o-aminophenol, which analysed correctly 
for a trichloro compound; only m- and p-dichloro- 
phenols are possible by hydroxyldechlorination. 
It is thus reasonable to conclude that all the amino- 
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phenols detected, except 4-amino-3:5-dichloro. 
phenol and 4-amino-2:5-dichlorophenol, were tri- 
chlorophenols. 


SUMMARY 


1. The metabolism of the six isomeric trichloro. 
nitrobenzenes has been studied in the rabbit. 

2. Considerable amounts of mercapturic acids 
are formed by all the isomers except 2:4:6-trichloro. 
nitrobenzene, of which less than 1 % of the dose is 
converted into mercapturic acid. 

3. The mercapturic acids from 2:3:4-, 2:3:5., | 
2:4:5- and 3:4:5-trichloronitrobenzenes are formed, 
in effect, by acetyleysteyldechlorination and were 
isolated from urine. 

. 4, The mercapturic acids from 2:3:6- and 2:4:6. 
trichlorobenzene are formed, in effect, by acetyl- 
cysteyldenitration, and their presence in urine has 


been shown by isolation of the corresponding 
hexachlorodipheny1 disulphides. i 

5. All the trichloronitrobenzenes are reduced to | 
the corresponding anilines. 

6. Hexachloroazoxybenzenes have been isolated | 
from the urine of rabbits dosed with the 2:4:5- and 
3:4:5-isomers. 

7. All the trichloronitrobenzenes yield amino- 
trichlorophenols. Aminotrichlorophenols have been 
isolated from urines of rabbits given 2:3:4-, 2:3:5-, 
2:3:6- and 3:4:5-trichloronitrobenzene. The excre- — 
tion of a trichloronitrophenol was detected after 
administration of the 2:3:6-, 2:4:5- and 2:4:6- 
isomers. 

8. 4-Amino-3:5-dichlorophenol is a metabolite of | 
2:4:6-trichloronitrobenzene and 2:4:6-trichloroani- 
line. It is probably formed by hydroxyldechlorina- 
tion of the trichloroaniline. 4-Amino-2:5-dichloro- 
phenol is a minor metabolite of 2:4:5-trichloronitro- 
benzene. 
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Labelling of Phospholipid Phosphorus in Rat-Brain Dispersions 


By W. C. McMURRAY, K. P. STRICKLAND,* J. F. BERRY{ anp R. J. ROSSITER 
Department of Biochemistry, University of Western Ontario, London, Canada 


(Received 19 November 1956) 


Insurviving slices of cat brain the in vitro incorpora- 
tion of inorganic phosphate labelled with **P into 
phospholipid depends upon conditions optimum 
for oxidative phosphorylation (Strickland, 1954). 
Dinitrophenol, glutamate, glutamine, K* ion and 
NH," ion, in concentrations that do not decrease 
the oxygen consumption, greatly decrease phospho- 
lipid labelling (Strickland, 1954; Findlay, Magee & 
Rossiter, 1954). In addition, anaerobiosis, or the 
presence of respiratory inhibitors such as cyanide 
or azide, almost completely inhibits the labelling 
of lipid in brain, liver or kidney slices (Taurog, 
Chaikoff & Perlman, 1942; Schachner, Fries & 
Chaikoff, 1942; Strickland, 1954). 

Schachner et al. (1942) and Strickland (1954) 
showed that if brain tissue was homogenized 
before incubation, the labelling of the phospholipid 
was reduced to very low levels. However, the 
respiratory activity of brain dispersions is low, 
unless suitable ‘reinforcing’ agents are added to the 
medium (Banga, Ochoa & Peters, 1939; Racker & 
Krimsky, 1945; Reiner, 1947). 

* National Research Council Fellow. 

t+ U.S. Public Health Service Post-doctoral Research 
Fellow of the National Cancer Institute. 


When inorganic **P was added to an actively 
respiring dispersion of rat brain ‘reinforced’ with 
glucose, hexose diphosphate, adenosine triphos- 
phate, fumarate, diphosphopyridine nucleotide, 
nicotinamide, cytochrome c and Mg?* ions, good 
labelling of phospholipid was obtained. An un- 
expected finding, however, was that the phospho- 
lipids were more strongly labelled when oxygen was 
excluded from the system. This was surprising, 
since Dawson (1953) demonstrated good phospho- 
lipid labelling in ‘reinforced’ dispersions of guinea- 
pig brain in the presence of oxygen, but a greatly 
decreased labelling under anaerobic conditions. 

An investigation of the apparent discrepancy 
between our observations and those of Dawson 
(1953) revealed that in rat-brain dispersions there 
are two systems capable of supporting the labelling 
of phospholipids: (a) a glycolytic system, demon- 
strated in dispersions of brain prepared in water, 
and (b) an oxidative system, demonstrated in mito- 
chondria isolated from isotonic dispersions. Best 
labelling is obtained under optimum conditions 
for glycolytic or oxidative phosphorylation re- 
spectively. In the present paper the properties 
of the glycolytic system are described. The 
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mitochondrial system is discussed subsequently 
(McMurray, Berry & Rossiter, 1957). 

A preliminary account of this work has appeared 
(McMurray, Strickland & Rossiter, 1954). 


METHODS 


Rats were killed by decapitation. The cerebral hemispheres 
were rapidly removed and dispersions prepared in 4 parts of 
water at 0° in a loosely fitting homogenizer of the Potter— 
Elvehjem type. Portions of this hypotonic dispersion, 
representing 60 mg. wet wt. of brain, were pipetted into 
Warburg vessels containing an incubating medium similar 
to that described by Reiner (1947). The complete system 
contained: glucose, 0-028M; hexose diphosphate (HDP), 
0-005m; adenosine triphosphate (ATP) or adenosine 5’- 
phosphate (AMP), 0-0007m; diphosphopyridine nucleotide 
(DPN), 0-001m; cytochrome c, 0-00006mM; potassium 
fumarate, 0-0016M; nicotinamide, 0-04m; MgCl,, 0-008m. 
The concentration of phosphate (pH 7-4) used by Reiner 
(1947) was decreased from 0-04 to 0-01 mM, and glycylglycine 
(0-083m), 2-amino-2-hydroxymethylpropane-1:3-diol (tris) 
buffer (0-05) or, in some anaerobic experiments, KHCO, 
(0-048 m) was added to increase the buffering capacity of the 
medium. With each buffer the final pH was 7-4. To each 
vessel was added 120 ye of neutralized carrier-free inorganic 
32P, supplied in the form H,**PO, by the Atomic Energy of 
Canada Ltd. The final volume was 3 ml. 

In aerobic experiments 0-2 ml. of 10% (w/v) KOH was 
placed in the centre well for the absorption of CO,. Vessels 
were gassed with O,, and O, consumption was measured 
with the usual Warburg apparatus at 10 min. intervals for 
1 hr. The incubation temperature was 37-5° and the vessels 
were shaken to ensure proper oxygenation. For anaerobic 
experiments N, (passed over hot copper to remove the last 
traces of O,) replaced O,. In some of the earlier experiments 
acid formation was determined by manometric measure- 
ments of the CO, evolved from the KHCO, buffer. In these 
experiments N, + CO, (95 +5, v/v) replaced N,. 

At the end of the incubation period the reaction was 
stopped by the addition of 2 ml. of 20% (w/v) trichloro- 
acetic acid (TCA). The suspension was centrifuged and a 
portion of the supernatant was taken for the determination 
of lactic acid (Barker & Summerson, 1941). Removal of 
contaminating acid-soluble P from the precipitate, and 
extraction of lipids, were carried out as described by 
Findlay et al. (1954). Last traces of inorganic **P were 
removed from the lipid extract by the purification procedure 
described by Kennedy (1953). The specific activity of the 
purified lipid P was determined as described previously 
(Findlay et al. 1954). When ATP was studied, it was 
separated from the supernatant remaining after the TCA 
precipitation by the chromatographic methods described by 
Krebs & Hems (1958). 

Reagents. DPN (95% purity) and cytochrome ¢ were 
obtained from Nutritional Biochemicals Corporation, 
Cleveland, Ohio. Disodium ATP, dipotassium ATP, mono- 
sodium adenosine diphosphate (ADP), monosodium uridine 
triphosphate (UTP), disodium guanosine triphosphate 
(GTP) and disodium cytidine triphosphate (CTP) were 
obtained from Pabst Laboratories, Milwaukee, Wisconsin, 
Barium HDP and sodium AMP were products of Schwartz 
Laboratories Inc., Mount Vernon, New York. The barium 
salt of inosine triphosphate (ITP) was the product of Sigma 


Chemical Co., St Louis, Missouri. Where necessary, the 
barium was removed by sulphate precipitation. The nucleo. 
tides were ‘chromatographically pure’, and were found to 
conform in purity to analytical values given by the mann. 
facturer. 


RESULTS 
Aerobic experiments 

Table 1 shows that a ‘reinforced’-water dispersion 
of rat brain similar to that described by Reiner 
(1947) respires well and is capable of supporting 
good labelling of phospholipid. The oxygen con- 
sumption corresponded to a Qo, of the order of 
17-24, measured over the whole 60 min. period, 
Similar Q), values for mouse-brain dispersions 
were reported by Larner, Jandorf & Summerson 
(1949) for the first 20 min. of incubation. 

From Table 1 it may be seen that omission of 


Vol 


substrate (HDP and glucose), ATP, DPN and — 


nicotinamide (Expt. 1), or Mg?+ ions (Expt. 3) 
caused a decrease in both the oxygen consumption 
and the labelling of phospholipid. Omission of ATP 
or Mg?* ions had a greater effect on phospholipid 
labelling than on oxygen consumption. This is of 


some interest in view of the known requirement of | 


various phosphokinase enzymes for Mg?*+ iors, 
Recently, Bublitz & Kennedy (1954) isolated a 
Mg?* ion-requiring enzyme, glycerokinase, from 
liver mitochondria. There is considerable evidence 
that this enzyme is involved in the incorporation 
of inorganic **P into phospholipids (Bublitz & 
Kennedy, 1954; Kennedy, 1956). 


Expt. 2 shows that the omission of HDP was | 


without significant effect on either the oxygen con- 


sumption or phospholipid labelling. The lack of — 


effect of HDP on the oxygen consumption in the 
presence of glucose confirms the finding of Larner 
et al. (1949) for dispersions of mouse brain. The 
addition of DPN was necessary for optimum oxygen 
uptake and phospholipid labelling (Expt. 2), but 
the addition of nicotinamide was less important 


(Expt. 3). Larner et al. (1949) pointed out that the | 
requirement of DPN and nicotinamide for optimum — 


oxygen consumption depends upon the conditions 
of homogenization. 

Table 1 also shows that, whereas the addition of 
cytochrome c and fumarate was necessary for 
optimum oxygen consumption, neither substance 
was necessary for optimum phospholipid labelling 
(Expt. 1). When the ATP of the system was replaced 
by AMP of the same concentration, phospholipid 
labelling was considerably increased, with a slight 
increase in oxygen consumption (Expt. 4). 

The effect of replacing glucose with a number of 
other substrates is shown in Table 2. The addition 
of either glucose or HDP increased both oxygen 
consumption and labelling (Expts. 1 and 2). 
Mannose behaved similarly, but galactose was 
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Table 1. Effect of omitting cofactors on the oxygen consumption and the specific activity 
of the lipid phosphorus of water dispersions of rat brain 
Dispersions were incubated for 70 min. at 37-5° in medium containing glycylglycine (0-083m), pH 7-4, and [**P]phos- 
| phate. Adenine nucleotide: ATP. Gas phase, O,. Complete system is described in text. 
O, consumption Specific activity 
% of that % of that” 
(pl. of O,/60 mg. with complete a / with complete 
Medium wet wt./hr.) medium pg. of P) medium 
Expt. 1 
Complete 230 100 34-1 100 
: No HDP or glucose 107 47 12-4 35 
| No ATP 97 42 5-6 16 
No DPN or nicotinamide 46 20 7-2 21 
i No cytochrome c 117 51 38-8 114 
| No fumarate 195 85 35-3 104 
Expt. 2 
Complete 210 100 46-7 100 
No HDP 199 95 48-7 104 
No DPN 54 26 11-1 24 
Expt. 3 
Complete 263 100 47-0 100 
No nicotinamide 250 95 40-7 87 
No MgCl, 226 86 17-9 38 
i Expt. 4 
Complete 287 100 32-4 100 
AMP for ATP 312 109 43-7 135 
Table 2. Effect of addition of substrates on the oxygen consumption and the specific activity 
of the lipid phosphorus of water dispersions of rat brain 
Dispersions were incubated for 70 min. at 37-5° in medium containing glycylglycine (0-083m), pH 7:4, and [%2P]phos- 
{ phate. Adenine nucleotide: ATP. Gas phase, O,. Complete system is described in text. 
O, consumption Specific activity O,consumption Specific activity 
(pl. of O,/60 mg. —— / (yl. of O,/60 mg. (counts/min./ 
wet wt./hr.) pg. of wet wt./hr.) pg. of P) 
| Expt. 1 Expt. 2 
None 80 16-5 127 30-9 
Glucose (0-028) 221 40-1 255 54-2 
f HDP (0-005m) 216 42-6 223 53-3 
; Expt. 3 Expt. 4 
None 98 21-4 107 20-8 
Mannose (0-028 m) 189 30-2 168 31-8 
Galactose (0-028 m) 104 21-4 109 25-4 
Citrate (0-028 m) 219 25-0 214 18-3 
Malate (0-028) 207 19-5 211 24-2 
Succinate (0-028) 207 19-7 222 21:5 
| almost without effect (Expts. 3 and 4). In like Table 3. Effect of anaerobiosis on the specific activity 
manner glucose and mannose were shown tosupport of the Lipid phosphorus of water dispersions of rat brain 
the incorporation of inorganic **P into the phos- 
pholipids of cat-brain slices, whereas galactose was for 37-5 
carboxylic acid ee : 5 system is described in text. 
_ and succinate all increased the oxygen consumption, a: 
but were ineffective in supporting lipid labelling. Specific activity 
(counts/min./yg. of P) 
The preceding experiments were all carried out ; $4 
under aerobic conditions. When the oxygen in the Gas phase Expt. 1 Expt. 2 
_ gas mixture was replaced with nitrogen, the labelling 0, 45-5 46-3 
of the lipid was considerably increased (Table 3). N, 58-8 55-7 
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This is in sharp contrast with previous findings for 
cat-brain slices (Strickland, 1954), and with the 
findings of Dawson (1953) for dispersions of guinea- 
pig brain. 

The requirement for substrate, DPN, adenine 
nucleotide, fumarate, Mg?+ ions and cytochrome c 
for optimum respiration of brain dispersions is well 
known (see, for example, Banga et al. 1939; Racker 
& Krimsky, 1945; Reiner, 1947; Case & McIlwain, 
1951). However, the conditions necessary for 
labelling of phospholipid have received less study. 
The most extensive investigation is that of Dawson 
(1953), who studied the labelling of phospholipid 
in a ‘reinforced’ dispersion of guinea-pig brain. The 
findings presented in Tables 1-3 differ from those 
reported by Dawson in a number of respects. In his 
system, Dawson found that (a) fumarate and cyto- 
chrome ¢ were necessary for optimum labelling; 
(b) labelling was considerably reduced under 
anaerobic conditions; (c) tricarboxylic acid cycle 
intermediates increased both oxygen consumption 
and labelling. It is shown below that with disper- 
sions of rat brain prepared in water the labelling 
was sustained largely by glycolytic phosphoryl- 
ation, whereas in the experiments of Dawson (1953) 
with dispersions of guinea-pig brain prepared in 
KCl the phosphorylation was presumably mainly 
oxidative. 


Anaerobic experiments 
Table 4 shows the factors necessary for optimum 


glycolysis and labelling of phospholipid under 
anaerobic conditions. In these experiments the 
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complete system contained glucose, HDP, AMP, 
DPN, nicotinamide and Mg?+ ions. Fumarate and 
cytochrome ¢ were unnecessary and were omitted 
from the system. Expt. 1 shows that, as in the 
aerobic experiments, omission of DPN and nico. 
tinamide almost completely abolished lipid label- 
ling. Glycolysis was also abolished. When only 
DPN was omitted from the system, both glycolysis 
and phospholipid labelling were still greatly 
reduced. However, when only nicotinamide was 
omitted, there was optimum glycolysis and the 
labelling of phospholipid was greater than that 
observed for the complete system containing nico- 
tinamide. Nicotinamide prevents DPN breakdown 
by inhibiting DPN-ase (Mann & Quastel, 1941; 
Handler & Klein, 1942; McIlwain & Rodnight, 
1949). However, nicotinamide has been shown also 
to depress the activity of certain DPN-requiring 
enzymes by competitive inhibition (Feigelson, 
Williams & Elvehjem, 1951). A similar mechanism 
may explain the inhibitory action of nicotinamide 


on the anaerobic **P incorporation, since this | 


process exhibits a great requirement for DPN. 
The omission of AMP or Mg?+ ions greatly de- 
creased both glycolysis and the labelling of phos- 
pholipid (Expt. 2). As in the aerobic experiments, 
ATP could substitute for AMP. In the absence of 
substrate (glucose and HDP), there was almost no 
glycolysis or labelling of phospholipid (Expt. 3). 
Omission of glucose alone caused a great decrease in 
glycolysis, but no significant change in *P in- 
corporation. On the other hand, omission of HDP 
alone caused a decrease in both glycolysis and 


Table 4. Effect of omitting cofactors on the anaerobic glycolysis and the specific activity 
of the lipid phosphorus of water dispersions of rat brain 


Dispersions were incubated for 70 min. at 37-5° in medium containing KHCO, (0-048), pH 7-4, and [*P]phosphate. 
Adenine nucleotide: AMP. Gas phase, N, + CO, (95+5). Complete system is described in text. 


Anaerobic glycolysis Specific activity 
A A. 
(umoles of % of that % of that 
CO,/60 mg. with complete (counts/min./yg. with complete 
Medium wet wt./hr.) medium of P) medium 
Expt. 1 
Complete 39-4 100 45-0 100 
No DPN or nicotinamide 0-0 0 4-2 9 
No DPN 11-4 29 121 27 
No nicotinamide 38-0 97 62-7 139 
Expt. 2 
A 
Complete 36-6 100 42-8 100 
No MgCl, 20-4 56 12-8 30 
No AMP 4:8 13 6-3 15 
ATP for AMP 39-8 109 48-9 114 
Expt. 3 
Complete 37-6 100 31-7 100 
No HDP or glucose 0-3 0-8 1-4 4 
No glucose 12-0 32 30-5 96 
No HDP 0-7 2 2-4 8 
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PHOSPHOLIPID LABELLING IN BRAIN DISPERSIONS 
Table 5. Effect of hexose diphosphate on the anaerobic glycolysis and the specific activity 
of the lipid phosphorus of water dispersions of rat brain 


Dispersions were incubated for 70 min. at 37-5° in medium containing tris buffer (0-05m), pH 7-4, and [**P]phosphate. 
Gas phase, N,. Complete system is described in text. Hexose diphosphate was purified chromatographically. 


Anaerobic glycolysis 
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Specific activity 


: (umoles of 


of that % of that 


Adenine lactate/60 mg. with complete (counts/min./yg. with complete 
nucleotide Medium wet wt./hr.) medium of P) medium 
Expt. 1 AMP Complete 58-9 100 33-9 100 
No HDP 3-3 6 3-5 10 
Expt. 2 ATP Complete 43-5 100 34-2 100 
No HDP 33-6 78 30-6 90 


triphosphate in water dispersions of rat brain 


All nucleotides, 0-0007 m. 


Table 6. Effect of replacing adenosine triphosphate with other nucleotides on the ar: verobic glycolysis, the 
specific activity of the lipid phosphorus and adenosine triphosphate, and the concentration of adenosine 


Dispersions were incubated for 70 min. at 37-5° in the medium described in Table 5, with ATP omitted. Gas phase, N,. 


ATP 
Anaerobic glycolysis Specific activity 10-3 x Specific 
(umoles of of lipid P activity 
lactate/60 mg. (counts/min./yg.  (counts/min./pyg. Conen. 
Nucleotides added* wet wt./br.) of P) of P) (ug. of P/vessel) 
Expt. 1 
ATP 38-6 32-4 17-6 139 
ADP 16-5 10-9 5-6 74 
UTP 8-5 3-9 5-9 49 
UTP +ADP 32-4 23-3 13-4 107 
6-5 3-4 4-1 53 
ITP +ADP 11-5 6-8 6-2 54 
Expt. 2 

ATP 49-2 62-2 12-6 118 
ADP 52-3 48-1 9-4 139 
GTP 14-4 13-7 8-5 42 
GTP +ADP 43-5 61:3 13-7 119 

7-7 17-0 54 47 
CTP +ADP 8-8 158 3-9 45 

Expt. 3 

ATP 44-2 63-5 
ADP 10-3 23-4 
UTP 4:5 3-4 
UTP +ADP 29-5 48-1 

1-1 4:5 
GTP +ADP 19-0 33:3 


* For abbreviations see Methods. 


phospholipid labelling, almost to the level observed 
in the absence of substrate. The necessity for the 
presence of HDP when oxygen was excluded from 
the system contrasts sharply with the results ob- 
tained in the aerobic experiments. Under aerobic 
conditions, either HDP or glucose alone was capable 
of supporting both respiration and *?P incorporation 
(Table 2). 

The experiments reported in Table 5 go far to 
explain the requirement for HDP under anaerobic 
conditions. When AMP was the added adenine 
nucleotide, HDP was necessary for both glycolysis 


40 


and the labelling of phospholipid, since in the 
absence of HDP both were reduced to low levels 
(Expt. 1). When the AMP was replaced by ATP, 
good glycolysis and labelling of phospholipid were 
observed in the absence of HDP. 

These experiments are consistent with the find- 
ings of Meyerhof (1947) and Meyerhof & Wilson 
(1947), who reported that either a labile-P donor 
(ATP) or a stable-P donor (HDP) was essential for 
initiating the utilization of glucose in brain homo- 
genates under anaerobic conditions. For the utiliza- 
tion of glucose, ATP is nacessary for the hexokinase 
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and phosphohexokinase reactions. The ATP may 
be provided as such, or it may be generated in the 
system from HDP and AMP by means of the triose 
phosphate dehydrogenase and subsequent phos- 
phokinase reactions. In subsequent anaerobic 
experiments AMP was replaced by ATP, and HDP 
was omitted. 


Replacement of ATP with other nucleotides 


The effects of replacing ATP with the triphos- 
phates of uridine, inosine, guanosine or cytidine 
(OTP, ITP, GTP or CTP) are shown in Table 6. 
When added to the system alone, none of the nucleo- 
tides tested supported either glycolysis or the 
incorporation of **P into lipid P to any significant 
extent. Generally, replacement of ATP by ADP 
also caused considerable decreases in glycolysis and 
labelling of phospholipid (with the exception of 


W. C. McMURRAY AND OTHERS 
Expt. 2, where the phospholipid labelling, but not | 


the glycolysis, was decreased). However, the 
addition of either UTP or GTP, together with ADP, 
caused an increase in the anaerobic glycolysis 


and the labelling of the lipid P, which, in some | 
instances, approached the levels observed in the — 
presence of ATP. The addition of ITP or CTP, © 


together with ADP, produced no such effect. 


Table 6 also shows the specific activity and the _ 


concentration of ATP isolated from the TCA 
extract. In the presence of the four nucleoside 
triphosphates there was a decrease in the concen- 
tration and the specific activity of the ATP. 
When UTP or GTP was added with ADP, there 


was an increase in both the concentration and — 


the specific activity of the ATP. This increase 
was not observed when ITP or CTP was added 
with ADP. 


Table 7. Effect of medium in which dispersion was prepared on the anaerobic glycolysis 
and the specific activity of the lipid phosphorus of dispersions of rat brain 
Dispersion was prepared in water, 0-25m-sucrose or 0-15M-KCl as indicated. Dispersions were incubated for 70 min. at 
37-5° in the medium described in Table 5, with ATP as adenine nucleotide. Gas phase, N3. i 


Anaerobic glycolysis 
cr A Specific activity 
(umoles of A 
lactate/60 mg. % of that with (counts/min./yg. % of that with 
Expt. 1 wet wt./hr.) | water dispersion of P) water dispersion 
Hypotonic (water) 66-8 100 43-8 100 
Isotonic (sucrose) 13-2 20 9-1 21 
Isotonic (KCl) 16-8 25 17-6 40 
Expt. 2 
Hypotonic (water) 57-2 100 59-5 100 
Isotonic (sucrose) 12-2 21 9-8 16 
Expt. 3 
Hypotonic (water) 32-2 100 37-4 100 
Isotonic (KCl) 77 24 14:8 40 


Table 8. Effects of 2:4-dinitrophenol, fluoride and iodoacetate on the oxygen consumption, glycolysis 
and specific activity of the lipid phosphorus of water dispersions of rat brain 
Dispersions were incubated for 70 min. at 37-5° in medium containing tris buffer (005m), pH 7-4, and [**P]phosphate. 
Adenine nucleotide: ATP. Gas phase, O, or N,. Complete system is described in text. O,, ul. of O,/60mg. of fresh tissue/br. 
G, pmoles of lactate/60 mg. of fresh tissue/hr. S.A., specific activity (counts/min./pg. of P). 


Aerobic Anaerobic 
Expt. 1 Expt. 2 Expt. 1 Expt. 2 
Control 218 22°5 19-8 280 37-4 26-9 46-1 33-1 53-1 43-2 
DNP (7-5 x 10m) 294 43-5 13-3 350 44-6 17-3 50-7 27-4 59-8 36-6 
KF (10-*m) 234 4-9 26-5 248 56 40-2 2-9 20-5 4:8 26-0 
Expt. 3 Expt. 4 Expt. 3 Expt. 4 
Control 151 47-7 «439 80-11 40-4500 40-5888 
Todoacetate (10-5) 128 33-0 26-5 134 25-1 18-1 18-9 11-0 9-1 11-0 
% of control % of control % of control % of control 
DNP 135 192 67 125 120 64 110 83 112 83 
KF 107 22 134 92 15 150 6 62 9 60 
Todoacetate 85 69 61 87 83 86 47 22 22 33 
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Medium used for preparation of dispersion 


At the outset, the brain dispersion was prepared 
in water, because such a preparation is known to 
respire well (Racker & Krimsky, 1945; Reiner, 
1947; Larner et al. 1949). For the anaerobic experi- 
ments the same preparation was used, for it is 
known to give good glycolysis (Racker & Krimsky, 
1945; Utter, Reiner & Wood, 1945a; Utter, Wood 
& Reiner, 19456; Utter, 1950). However, it can be 
seen from Table 7 that when the water of the 
medium was replaced with isotonic sucrose or 
isotonic KCl both the glycolysis and anaerobic *2P 
incorporation were greatly decreased. Phospho- 
lipid labelling in the dispersion prepared in sucrose 
was somewhat less than that in the dispersion 
prepared in KCl. 

Inhibitors 


Table 8 shows that, at a concentration of 
75x10, 2:4-dinitrophenol caused an increase 
in both the oxygen consumption and aerobic 
glycolysis, but a decrease (33-36 %) in the aerobic 
incorporation of inorganic **P into phospholipid. 
When oxygen was excluded from the system there 
was a slight increase in glycolysis, but the inhibition 
of phospholipid labelling was less (17%) than that 
observed under aerobic conditions. 

The addition of fluoride (10-?m) caused little 
change in oxygen consumption, a great decrease in 
aerobic glycolysis and an increase in the aerobic 
labelling of phospholipid. In contrast, when oxygen 
was excluded from the system, the labelling of 
phospholipid was decreased. Anaerobic glycolysis, 
like aerobic glycolysis, was also greatly inhibited. 

Table 8 also shows that under anaerobic condi- 
tions both glycolysis and the labelling of phospho- 
lipid were inhibited by iodoacetate (10-'m), whereas 
in the presence of oxygen the degree of inhibition of 
both reactions was considerably less. 


DISCUSSION 


The experiments reported here confirm the earlier 
observations that suitably ‘reinforced’ hypotonic 
dispersions of brain tissue exhibit a high rate of 
respiration (Racker & Krimsky, 1945; Reiner, 1947; 
Larner et al. 1949). Although the oxygen con- 
sumption was high (Qo, 17-24), the labelling of 
phospholipid under aerobic conditions was no 
better than that observed when oxygen was 
excluded from the system. On the other hand, 
Dawson (1953) demonstrated good aerobic labelling 
of phospholipid associated with quite low oxygen 
consumption (Qo, 3-5) in brain dispersions pre- 
pared in a potassium chloride solution. This would 
suggest that for good labelling of phospholipid the 
oxygen consumption need not be maximal. 
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In agreement with the reports of others (Utter 
et al. 1945a; Racker & Krimsky, 1945; Meyerhof & 
Wilson, 1947), it was found that the hypotonic 
dispersion of rat brain was also capable of a high 
rate of glycolysis. This glycolytic activity can 
support the labelling of phospholipid from inorganic 
32P, When glycolysis was inhibited by the addition of 
fluoride or iodoacetate, the labelling of phospho- 
lipid was similarly inhibited. The experiments also 
confirm the previous report of Utter et al. (1945b) 
that water dispersions of rat brain possess a more 
active anaerobic glycolysis than do dispersions 
prepared in isotonic media. It has now been shown 
that this increase in glycolysis may be associated 
with an increase in the labelling of phospholipid 
(Table 7). 

The observation that UTP or GTP, when added 
with ADP, can substitute for ATP in maintaining 
anaerobic glycolysis and phospholipid labelling 
provides evidence for the existence in brain of 
nucleoside diphosphokinases catalysing reactions 
such as UTP+ADP=UDP+ATP. Presumably 
there is a similar reaction between ADP and GTP, 
but not between ADP and CTP or ITP. The ability 
of ADP to satisfy, in part, the ATP requirement may 
be related to the presence of adenylate kinase in 
brain (Barkulis & Lehninger, 1951). 

It is probable that a large part of the phosphoryl- 
ation that occurs under aerobic conditions in 
hypotonic dispersions of rat brain is of the glyco- 
lytic type. This is indicated by the experiments 
reported in Table 2, where it was shown that tri- 
carboxylic acid cycle intermediates, although they 
were capable of increasing the oxygen consumption, 
had little effect on the labelling of phospholipid. 
On the other hand, the addition of substrates that 
can undergo glycolysis, such as glucose, mannose or 
HDP, increased the labelling. The fact that the 
labelling of phospholipid was not greatly inhibited 
(30-40 %) in the presence of 7-5 x 10-5m-2:4-dinitro- 
phenol is further evidence that the labelling, even 
under aerobic conditions, was largely supported 
by glycolytic phosphorylation, for this concentra- 
tion of dinitrophenol greatly inhibits the aerobic 
labelling of phospholipid in mitochondria that 
are capable of true oxidative phosphorylation 
(McMurray et al. 1957). It is known that the 
substrate-linked phosphorylation that occurs 
during glycolysis is not greatly sensitive to dinitro- 
phenol. 

The experiments provide evidence, however, that 
under aerobic conditions some oxidative phos- 
phorylation takes place even in the hypotonic 
dispersions. With glucose as substrate and AMP as 
the added adenine nucleotide, glycolysis and label- 
ling of phospholipid were found to proceed under 
aerobic, but not under anaerobic conditions. In the 
presence of oxygen sufficient ATP to initiate the 


40-2 


628 W. C. McCMURRAY AND OTHERS 1957 


phosphorylation of glucose is formed by oxidative 
phosphorylation. In addition, other findings, e.g. 
the greater degree of inhibition of the phospholipid 
labelling observed in the presence of 7-5 x 10-°m- 
2:4-dinitrophenol, and the stimulation of the 
labelling produced by the addition of fluoride, are 
consistent with the view that under aerobic condi- 
tions a small portion of the labelling of phospholipid 
is supported by oxidative phosphorylation. 

The reasons for the good anaerobic labelling 
observed in the present experiments and for the 
poor anaerobic labelling reported by Dawson (1953) 
are now apparent. In the present experiments the 
dispersions were prepared in water, whereas the 
dispersions used by Dawson were prepared in 
0-08m-potassium chloride. Hypotonic dispersions 
are capable of a much more active anaerobic glyco- 
lysis and phospholipid labelling than dispersions 
prepared in potassium chloride (Table 7). In 
addition, Dawson (1953) supplied adenine nucleotide 
in the form of AMP. As shown in Table 5, with 
glucose as substrate either the AMP must be re- 
placed by ATP or HDP must be added to initiate 
the glycolysis. With AMP in the absence of HDP, 
both anaerobic glycolysis and **P incorporation are 
reduced to low levels. In the system studied by 
Dawson (1953) the labelling of phospholipid was 
supported chiefly by energy derived from oxidative 
phosphorylation, whereas in the water dispersions 
used in the present study much of the energy was 
derived from glycolytic processes. 


SUMMARY 


1. Dispersions of rat brain, prepared in water 
and suitably ‘reinforced’, have been shown to in- 
corporate inorganic **P into lipid phosphorus. 
Omission of cytochrome c or fumarate from the 
medium, or replacement of the oxygen of the gas 
phase with nitrogen, did not inhibit the incorpora- 
tion. 

2. Tricarboxylic acid cycle intermediates (citrate, 
malate or succinate) increased the respiration, but 
did not increase the aerobic **P labelling of lipid 
phosphorus. 

3. Magnesium, diphosphopyridine nucleotide, 
adenosine 5-phosphate (AMP) or adenosine triphos- 
phate (ATP), and substrate that can undergo 
glycolysis [glucose, mannose or hexose diphosphate 
(HDP), but not galactose] were necessary for the 
incorporation under both aerobic and anaerobic 
conditions. 

4. Under anaerobic conditions a source of 
‘high-energy’ phosphorus [ATP, HDP plus AMP, 
uridine triphosphate plus adenosine diphosphate 
(ADP), or guanosine triphosphate plus ADP] was 
essential for optimum glycolysis and labelling of 
lipid phosphorus. 


5. Under anaerobic conditions, glycolysis and 
incorporation of inorganic *?P into lipid phosphorus 
were best demonstrated in dispersions prepared in 
water. Dispersions prepared in isotonic media 
(potassium chloride or sucrose) were considerably 
less active. 

6. Under aerobic conditions the addition of 2:4- 
dinitrophenol (7:-5x10-°m) caused increases in 
oxygen consumption and glycolysis, but a decrease 
in the labelling of phospholipid. Under anaerobic 
conditions there was little change in glycolysis 
and a much smaller decrease in phospholipid 
labelling. 

7. The addition of fluoride (10-?m) caused no 
significant change in oxygen consumption and large 
inhibitions of both aerobic and anaerobic glycolysis. 
The labelling of phospholipid was increased under 
aerobic conditions, but decreased when oxygen was 
excluded from the system. 

8. The addition of iodoacetate (10-°m) caused 
small inhibitions of oxygen consumption, aerobic 
glycolysis and aerobic labelling of phospholipid, 
but much greater decreases in glycolysis and 
phospholipid labelling under anaerobic conditions. 


The work was aided by grants from the National Research 
Council of Canada and the National Mental Health Grants 
Administration. Technical assistance was rendered by Mr H. 
Bishop, Mrs M. McLarty and Miss J. Derzyruka. 
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Labelling of Phospholipid Phosphorus in Rat-Brain Mitochondria 


By W. C. McMURRAY, J. F. BERRY* anv R. J. ROSSITER 
Department of Biochemistry, University of Western Ontario, London, Canada 


(Received 19 November 1956) 


In the preceding paper (McMurray, Strickland, 
Berry & Rossiter, 1957) it was shown that, under 
anaerobic conditions, inorganic **P was incorpor- 
ated into the lipid phosphorus of suitably ‘rein- 
forced’ water dispersions of rat brain. In this 
system the phosphorylation was, for the most part, 
glycolytic. Under aerobic conditions the incorpora- 
tion was no better than that observed when oxygen 
was excluded from the system; there was little 
evidence of phosphorylation coupled to the oxida- 
tion of added tricarboxylic acid cycle intermediates. 

In order to investigate the incorporation of 
inorganic **P in a rat-brain preparation that was 
capable of carrying out true aerobic phosphoryl- 
ation, the mitochondrial fraction was separated from 
a dispersion prepared in isotonic sucrose. In con- 
trasi with the findings for the dispersion prepared 
in water, the incorporation of inorganic **P by the 
mitochondrial preparation was found to require 
conditions optimum for oxidative phosphorylation. 
In the absence of oxygen the preparation was 
inactive. The effects of inhibitors, such as 2:4- 
dinitrophenol, cyanide, iodoacetate and fluoride, 
further emphasized the differences between the 
labelling of phosphorus compounds in hypotonic 
dispersions, associated with glycolytic phosphoryl- 
ation, and the labelling in mitochondria, associated 
with oxidative phosphorylation. 


METHODS 


Preparation of mitochondria and other cell fractions from 
rat brain was carried out according to the method of Brody 
& Bain (1952). Freshly dissected rat cerebral hemispheres 
freed from corpus callosum were dispersed in 9 vol. of 
0-25M-sucrose in a Potter-Elvehjem hand homogenizer. 
This and all subsequent operations were carried out at 0°. 
The dispersion was centrifuged for 10 min. at 1500g to 


* U.S. Public Health Service Post-doctoral Research 
Fellow of the National Cancer Institute. 


yield a ‘nuclear’ fraction. The supernatant from the 
‘nuclear’ fraction was then centrifuged at 8000g for 
20 min. The resulting sediment (mitochondrial fraction) was 
usually washed once with 0-25m-sucrose and resedimented 
at 8000 g for 20 min. Supernatant and washings from the 
mitochondria were then spun for 30min. at 25 000g., 
yielding the microsomal fraction and a faintly opalescent 
final supernatant fraction. 

In preliminary studies of the fractionation procedure, 
only the fraction sedimenting at 8000 g was found to stain 
supravitally with Janus green B. Examination with the 
phase-contrast microscope revealed that this fraction con- 
sisted chiefly of mitochondria. It contained approximately 
50% of the lipid P, 20% of the ribonucleic acid P and 
negligible quantities of deoxyribonucleic acid P. The 
‘nuclear’ fraction was found to consist chiefly of cell nuclei, 
but the fraction was contaminated with a few mitochondria, 
some whole nerve cells and some red blood cells. 

For determination of P:O ratios, the medium described 
by Brody & Bain (1952) was used. The concentration of 
phosphate buffer was reduced from 0-028m to 0-01m. 
Hexokinase (200 units by the method of Berger, Slein, 
Colowick & Cori, 1946), together with 0-3 ml. of the cell 
fraction to be studied, was tipped into the reaction mixture 
from the side arm of a Warburg flask at zero time. Each 
cell fraction was either dissolved or suspended in 0-25m- 
sucrose. After equilibration for 10 min. at 18°, control 
samples were removed and the proteins were precipitated 
with cold 20% (w/v) trichloroacetic acid (TCA). The O, 
consumption of the remaining samples was measured over 
the subsequent 30 min. period, after which the reaction was 
stopped by the addition of cold 20% TCA. The concentra- 
tion of inorganic P in the TCA supernatant was determined 
by the method of Ernster, Zetterstrém & Lindberg (1950), 
the difference between that of control and incubated 
samples representing phosphate esterified in the 30 min. 
period during which O, consumption was measured. 

In the experiments with **P, hexokinase and glucose were 
not added and the incubation temperature was 37-5°. To 
each vessel was added 120yc of neutralized carrier-free 
inorganic **P, The specific activity of the phospholipid was 
determined as described in the previous paper (McMurray 
et al. 1957). Adenosine triphosphate (ATP), adenosine di- 
phosphate (ADP) and adenosine monophosphate (AMP) 
were separated by the method of Krebs & Hems (1953). 
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RESULTS 


As may be seen from Table 1, the greater part of the 
phosphorylating ability of the whole dispersion was 
found in the mitochondrial fraction. The small 
amount of phosphorylation observed in the 
‘nuclear’ fraction (Expt. 2) was probably the result 
of contamination with mitochondria. The values 
observed for the P:O ratio of just over 2 are similar 
to those reported by Abood & Gerard (1952), Brody 
& Bain (1952), Narayanaswami & MclIlwain (1954) 
and Abood & Romanchek (1955) for mitochondria 
from brain, and to those reported by Ochoa (1941) 
and Case & MclIlwain (1951) for brain dispersions. 
Dianzani & Scuro (1956) reported P:O ratios of 
3°3-3-6 for rat-brain mitochondria. Such high 
values have never been observed in this Laboratory. 
Table 2 shows the oxygen consumption and the 
radioactivity of the lipid P of the whole homogenate 
and of the various separated fractions. The mito- 
chondria exhibited the greatest oxygen consumption 
and **P incorporation. In terms of specific activity 
(counts/min./yg. of P) the ‘nuclear’ fraction was as 
active as the mitochondria, but, because of the 
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greater amount of lipid P in the mitochondrial 
fraction, the total incorporation (counts/min./ 
100 mg. wet wt. of original tissue) in the ‘nuclear’ 
fraction was less. As reported above, the ‘nuclei’ 
had some respiratory activity that was probably due 
to contamination by mitochondria. 

The mitochondrial fraction, known to play a role 
in the labelling of lipid P in liver tissue (Kennedy, 
1953), was singled out for further study. 

Cofactors. Table 3 shows that the omission of 
Mg?* ions did not greatly affect the oxygen con- 
sumption, but that the incorporation of inorganic 
%2P into phospholipid was greatly inhibited. When 
ATP was omitted, both respiration and incorpora- 
tion were depressed. A subsequent experiment 
showed that AMP was more effective than ATP in 
this system. In later studies AMP was substituted 
for ATP. 

The omission of KCl produced a slight increase in 
mitochondrial respiration (Table 3) and a consider- 
able increase in the labelling of lipid P. Potassium 
chloride was added regularly to the incubation 
medium in the experiments of Brody & Bain (1952) 
with brain mitochondria, presumably to maintain 


Table 1. Oxidative phosphorylation in fractions obtained by differential centrifuging 
of dispersions of rat brain prepared in 0-25M-sucrose 


Incubated at 18° for 40 min. Each vessel contained 0-008m-MgCl, ; 0-05m-KCl; 0-0025m-sodium ATP; 8-3 x 10-*m- 
cytochrome c; 0-0005mM-DPN; 0-013m-sodium pyruvate; 0-002m-sodium malate; 0-012m-NaF; 0-028m-glucose; 0-01M- 
sodium phosphate buffer, pH 7-4; 0-015m-glycylglycine, pH 7-4, in the main compartment. The side arm contained the 
appropriate fraction (from 250 mg. of fresh brain) and 200 units of yeast hexokinase. Total volume, 3 ml. Gas phase, air. 


O, uptake P uptake O, uptake P uptake 

(ug.atoms/ (ug-atoms/ (ug-atoms/ (ug.atoms/ 

100 mg. of 100 mg. of P:0 ratio 100 mg. of 100 mg. of P:0O ratio 

Fraction _ original tissue) original tissue) (atom:atom) original tissue) original tissue) (atom:atom) 
Expt. 1 Expt. 2 

Homogenate 4-43 8-99 2-02 
‘Nuclei’ 0-61 0-00 — 0-86 1-38 1-60 
Mitochondria 1-91 4-13 2-16 2-31 4-63 2-00 
Microsomes 0-45 0-54 — 0-01 0-02 —_— 
Supernatant 0-94 0-00 — 1-04 0-38 —_ 


Table 2. Oxygen consumption and the specific activity of the lipid phosphorus of fractions obtained 
by differential centrifuging of sucrose homogenates of rat brain 


Incubated at 37-5° for 70 min. Medium was as described in Table 1, with [**P]phosphate, but with no hexokinase or 
glucose. Gas phase, O,. 


O, consumption Radioactivity O, consumption Radioactivity 
(ul. of & > pl. of a) 
100 mg. wet (counts/min./ 100 mg. wet (counts/min./ 
wt. of original ones /pg. 100 mg. wet wt. wt. of original — /pg. 100 mg. wet wt. 
tissue/hr.) of P) of original tissue) _ tissue/hr.) of original tissue) 
Expt. 1 2 
Homogenate 201 48-4 7890 159 40-2 6430 
‘Nuclei’ 33 51-5 1720 27 51-8 1890 
Mitochondria 73 55-8 2840 77 55-1 2790 
Microsomes 7 15-1 150 6 28-1 390 
Supernatant 18 11:3 105 10 4-7 51 
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the isotonicity, but no data were reported on its 
effect upon oxidative phosphorylation. The medium 
employed by Abood & Romanchek (1955) and 
Dianzani & Scuro (1956) also contained consider- 
able quantities of K* ions. 

When either cytochrome c or diphosphopyridine 
nucleotide (DPN) was omitted, both the oxygen 
consumption and the labelling of the phospholipid 
was decreased, but the decreases were less than those 
observed in the absence of either Mg?+ ions or ATP. 

Substrates. Table 4 shows the extent to which 
glutamate and intermediates of the tricarboxylic 
acid cycle supported the respiration and labelling of 
phospholipid in brain mitochondria. Of the sub- 
strates tried, the best for both processes was 
pyruvate to which had been added a small amount 
of malate. All the other substrates, with the ex- 
ception of citrate, increased both the respiration and 
the **P incorporation to levels above that observed 
in the absence of substrate. The addition of citrate 
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caused a slight increase in the oxygen consumption, 
but the labelling of lipid P was below that observed 
when no substrate was present. 

Inhibitors. The inhibitory effect of 2:4-dinitro- 
phenol (DNP) on the labelling of phospholipid is 
demonstrated in Table 5. Respiration was stimu- 
lated maximally (50%) when the concentration of 
DNP was 5x10-'m. At this concentration the 
incorporation of inorganic **P into lipid P was 
inhibited some 55%. When the concentration of 
DNP was increased to 10-4m, the oxygen con- 
sumption remained slightly greater than that ob- 
served in the absence of DNP, but the labelling of 
phospholipid was greatly inhibited. 

Preliminary experiments with rat-brain mito- 
chondria respiring in such a medium, containing 
a relatively high concentration of adenine nucleo- 
tide, showed that a steady state exists with respect 
to the concentrations of ATP, ADP, AMP and 
inorganic P, but not with regard to the specific 


consumption and the specific activity 


Table 3. Effect of omitting cofactors on the 


of the lipid phosphorus of mitochondria from rat brain 


Incubated at 37-5° for 70 min. Medium was as described i 
glucose. Gas phase, O,. 


in Table 1, with [**P]phosphate, but with no hexokinase or 


O, consumption 
A 


(pl. of O,/100 mg. Specific activity 
wet wt. of c 
original (% of that with (counts/min./yg. (% of that with 
tissue/hr.) complete system) of P) complete system) 
Complete 46 100 36-2 100 
No MgCl, 32 70 4:8 13 
No ATP 33 72 21:1 58 
No KCl 53 115 53-8 149 
No erro c 42 91 28-9 80 
No D 36 78 31-5 87 


Table 4. Effect of substrates on the oxyg 


tion and the specific activity 


con yp 


of the lipid phosphorus of mitochondria from rat brain 


Incubated at 37-5° for 70 min. Medium was as described 
glucose. AMP was substituted for ATP. Gas phase, O,. 


O, consumption 


(ul. of — mg. 


in Table 1 with [°*P]phosphate, but with no hexokinase or 


O, consumption 
Specific activity (yl. of 0,/100 mg. Specific activity 


tissue/hr.) 


wet wt. of original — ./pg. wet wt. of original weit -| pg. 


tissue/hr.) 


Expt. 1 Expt. 2 
Substrate A 

None 13 27-1 11 12-5 
Pyruvate (0-013 m) 37 90-0 36 48-6 
Pyruvate (0-013m) and malate (0-002m) 80 121 71 71:8 
Citrate (0-013 m) 28 13-4 21 6-0 
«-Oxoglutarate (0-013m) 32 59-5 42 44-8 
Glutamate (0-013 m) 42 91-9 39 51-0 

Expt. 3 Expt. 4 

None 12 17-8 22 20-9 
Pyruvate (0-013m) and malate (0-002m) 98 104 101 116 
Succinate (0-013™) 72 64-1 99 85-8 
Fumarate (0-013™m) 38 44:8 47 53-8 
Malate (0-013m 57 55-0 48 61-4 
Oxaloacetate (0-013 m) 56 56-7 57 53-5 
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activities of these substances. However, as can be 
seen from Table 5, the addition of DNP caused 
changes in the specific activity of ATP and in the 
steady-state concentrations of ATP, ADP and AMP. 
The labelling of ATP was progressively decreased 
with increasing concentrations of DNP, whereas the 
concentrations of ATP and ADP were decreased 
and the concentration of AMP was increased. 

The addition of sodium fluoride caused a decrease 
in the respiration. The specific activities of lipid P 
and ATP increased as the concentration of fluoride 
increased, up to 10-?m. However, at a fluoride con- 
centration of 5 x 10-®, the specific activity of ATP 
was not significantly different from that of the 
controls, but the specific activity of the lipid P was 
considerably greater. The steady-state concentra- 
tions of ATP and ADP also increased as the concen- 
tration of fluoride increased, up to 10-?m. On the 
other hand, the concentration of AMP decreased as 
the fluoride was increased over the same concentra- 
tion range. Ata fluoride concentration of 5 x 10-2, 
the concentrations of ATP and ADP were smaller 
and the concentration of AMP was greater than the 
corresponding values observed in the presence of 
10-*m-fluoride. 

Table 5 also shows that, whereas the addition of 
10-m-iodoacetate had no significant effect on 
either respiration or the labelling of lipid P or ATP, 
the addition of 3x 10-*m-cyanide caused almost 
complete inhibition. The lack of effect of iodoacetate 
on the labelling of phospholipid is in contrast with 
the finding reported in the previous paper that this 
low concentration of iodoacetate caused a significant 
inhibition of the anaerobic labelling of phospholipid 
in water homogenates of rat brain (McMurray et al. 
1957). 
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DISCUSSION 


The labelling of phospholipid in cell-free prepara. 
tions was demonstrated by Friedkin & Lehninger 
(1949) for washed particles from rat liver and by 


Abood (1954) for mitochondria from rat brain. The | 


present experiments indicate that the cofactors 
required for the labelling of lipid P in the mito. 
chondria are similar to those found by Brody & 
Bain (1952) to be necessary for oxidative phosphoryl. 
ation. An unexpected finding was that the lipid 
labelling was greater when potassium chloride was 
removed from the medium. It is known that in 
brain-slice preparations a high concentration of 
K* ions causes an increase in the oxygen consump- 
tion, an increase in glycolysis, a decrease in the 
concentration of creatine phosphate and a decrease 
in the labelling of lipid P from inorganic *P, i.e. 
phosphorylation is ‘uncoupled’ from oxidation 
(see Findlay, Magee & Rossiter, 1954, for references). 

The finding that substrates such as succinate and 
glutamate supported the labelling of lipid P in rat- 
brain mitochondria is of some interest. In slice 
preparations of cat brain these substances, 
although they are oxidized, are incapable of sup- 
porting the labelling of lipid P (Strickland, i954). 
In general, the substrates that support the labelling 


of lipid P in brain mitochondria are those that give | 
good P:O ratios (Brody & Bain, 1952; Abood & 


Gerard, 1952). 


Citrate supported neither respiration nor the 


labelling of phospholipid. Of all the intermediates 
of the tricarboxylic acid cycle tested by Brody & 
Bain (1952) citrate gave the lowest P:O ratios. The 
failure of brain preparations to oxidize citrate was 
noted by Coxon, Liébecq & Peters (1949) for iso- 


from rat brain 


AMP was substituted for ATP. Gas phase, O,. 


3 x 10-?m-NaCN 10 0 


O, uptake Specific activity 
(pl. of O,/100 mg. of lipid P 
of original (counts/min./yg. 
tissue/hr.) of P) 
Control 98 29-9 
10m-DNP 109 25°3 
5 x 10-°m-DNP 151 13-2 
10-*m-DNP 108 7-0 
Control 94 25-5 
5 x 10-*m-NaF 74 54-5 
10-*m-NaF 69 68-0 
5 x 10-?m-NaF 50 40-2 
Control 68 24-4 
10-* m-Iodoacetate 72 24-2 


Table 5. Effect of 2:4-dinitrophenol, fluoride, iodoacetate or cyanide on the oxygen consumption, specific 
activities of lipid phosphorus and ATP, and the concentrations of ATP, ADP and AMP of mitochondria 


Incubated at 37-5° for 70 min. Medium was as described in Table 1 with [**P]phosphate, with no hexokinase or glucose, 


10-* x Specific Concentration 
activity of ATP (ug. of P/vessel) 
(counts/min./ug. = ¢ A— 
of P) ATP ADP AMP 
14-6 64-5 80-5 110 
12-1 56-5 64-5 129 
6-7 46-5 46-5 147 
3-5 25-5 26-5 184 
9-0 40-0 40-5 118 
12-5 122 133 93 
13-2 157 149 74 
8-4 65-5 38-5 127 
716 
7-0 
0-9 = 
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tonic dispersions and by Christie, Judah & Rees 
(1953) for mitochondria. It is possible that brain 
mitochondria are impermeable to citrate (Gallagher, 
Judah & Rees, 1956). As noted previously 
(McMurray et al. 1957), when dispersions of brain are 
prepared in water, they are able to oxidize citrate 
as readily as succinate or malate. Plaut & Plaut 
(1952) reported that heart mitochondria are not 
able to oxidize citrate to any appreciable extent. 

The labelling of phospholipid in the rat-brain 
mitochondria is more sensitive to DNP than is the 
phospholipid labelling in water dispersions, re- 
ported in the previous paper (McMurray et al. 1957). 
The addition of DNP also caused a decrease in the 
labelling of ATP. Although the specific activity of 
the phospholipid was much less than that of ATP, 
the relative changes in the specific activity of the 
phospholipid caused by the addition of DNP were 
of the same order as those found for the specific 
activity of ATP, suggesting that the latter were 
responsible for the former. 

The effects produced by fluoride on the concen- 
trations of the adenosine phosphates may be 
explained, in part, by the well-known effect of 
fluoride on ATP-ase. However, the observed in- 
crease in the specific activity of ATP is less readily 
explained. A comparison of the relative effects of 
fluoride on the specific activities of the lipid P and 
the ATP shows that there was no obvious relation 
between the two, as shown for DNP. For example, 
at a fluoride concentration of 5 x 10-*M, the specific 
activity of the phospholipid was much greater than 
that of the control, but the specific activity of the 
ATP was not significantly different. In some 
respects, the specific activity of the lipid P appeared 
to be related to the concentration of ATP rather 
than to its specific activity. Such a finding probably 
indicates that ATP is required for the provision of 
energy for the labelling of phospholipid. 

The results presented here, together with those 
reported in the previous paper (McMurray et al. 
1957), indicate that there are two systems in brain 
capable of labelling ATP, and hence lipid P. These 
are the aerobic mitochondrial system described in 
this paper, and an anaerobic system, best demon- 
strated in dispersions of brain prepared in water. 
The activity of the dispersion was inhibited by 
fluoride or iodoacetate and was relatively in- 
sensitive to DNP. On the other hand, the activity 
of the mitochondria was inhibited by DNP or 
cyanide, was relatively insensitive to iodoacetate, 
and was stimulated by fluoride. 


SUMMARY 


1. Phospholipid was labelled from inorganic **P 
in mitochondria separated from dispersions of rat 
brain prepared in isotonic sucrose. The labelling was 
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best observed under optimum conditions for oxi- 
dative phosphorylation. 

2. The addition of adenine nucleotide, Mg?* ions, 
diphosphopyridine nucleotide and cytochrome c 
was necessary for optimum *?P incorporation. 

3. The labelling was supported by the addition 
of glutamate and certain tricarboxylic acid cycle 
intermediates, but not by the addition of citrate. 

4. The labelling of lipid phosphorus and adeno- 
sine triphosphate (ATP) was inhibited by the 
addition of 2:4-dinitrophenol or cyanide, was in- 
sensitive to iodoacetate and was stimulated by the 
addition of fluoride. The addition of dinitrophenol 
and fluoride also caused changes in the steady-state 
concentrations of ATP, adenosine diphosphate and 
adenosine monophosphate. 

5. The results support the conclusion that there 
are two systems capable of supporting *?P labelling 
in rat-brain dispersions: (a) an anaerobic glycolytic 
system best demonstrated in water dispersions, 
and (b) an aerobic system best demonstrated in 
mitochondria prepared from isotonic sucrose dis- 
persions. 


The work was aided by grants from the National Research 
Council of Canada and the National Mental Health Grants 
Administration. Mrs M. McLarty and Miss J. Derzyruka 
rendered technical assistance. 
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Incorporation of =P -labelled Intermediates into the Phospholipids 
of Cell-free Preparations of Rat Brain 


By W. C. McMURRAY, K. P. STRICKLAND,* J. F. BERRY{ anv R. J. ROSSITER 
Department of Biochemistry, University of Western Ontario, London, Canada 


(Received 8 January 1957) 


In previous papers (McMurray, Strickland, Berry 
& Rossiter, 1957b; McMurray, Berry & Rossiter, 
1957a) two systems capable of supporting the 
incorporation of inorganic **P into the phospho- 
lipids of rat-brain dispersions were described: 
(a) an anaerobic system (best demonstrated in 
hypotonic dispersions), which supported the 
labelling of lipid P under optimum conditions for 
glycolysis (McMurray et al. 1957), and (6) an aerobic 
system (best shown in mitochondria isolated from 
isotonic dispersions), which supported the labelling 
of lipid P under optimum conditions for oxidative 
phosphorylation (McMurray e¢ al. 1957a). The 
effects of metabolic inhibitors such as 2:4-dinitro- 
phenol (DNP) and fluoride on the specific radio- 
activity and concentration of adenosine triphos- 
phate (ATP) in each of these two systems suggested 
that the labelling of phospholipid was dependent 
upon both the prior labelling of ATP and the main- 
tenance of adequate concentrations of this sub- 
stance (McMurray et al. 1957a). 

In order to elucidate some of the intermediate 
reactions concerned with the labelling of phospho- 
lipid from inorganic **P, a study was made of the 
incorporation of *2P-labelled adenosine triphosphate 
(AT*2P), phosphorylcholine (?2PCh) and «-glycero- 
phosphate («-G*?P) into the lipid P of the two phos- 
phorylating systems. The distribution of radio- 
activity in the hydrolysis products of individual 
phospholipids, separated by the chromatographic 
method of Dawson (19546), suggested that *2PCh 
and «-G**P were incorporated into lecithin and 
phosphatidic acid respectively. Inorganic **P 
appeared to be incorporated chiefly into phos- 
phatidic acid and diphosphoinositide. 

A preliminary account of some of this work has 
appeared (McMurray, Berry & Strickland, 1956). 


METHODS 


Dispersions of rat brain prepared in water at 0° were incu- 
bated in Warburg flasks at 37-5° for 70 min. in an atmos- 
phere of N,. Details of the preparation of the dispersions 


* Studies carried out during the tenure of a Lederle 
Medical Faculty Award. 

+ U.S. Public Health Service Post-doctoral Research 
Fellow of the National Cancer Institute and, later, Ruth 
Knox Herman Fellow. 


were given by McMurray et al. (19576). The ‘reinforced’ 
incubation medium used in these studies contained: 
glucose, 0-028m; potassium ATP, 0-0007m; diphospho- 
pyridine nucleotide, 0-001m; nicotinamide, 0-04m; MgCl,, 
0-008M; 2-amino-2-hydroxymethylpropane-1:3-diol buffer, 
pH 7-4, 0-05m; potassium phosphate (containing 120 pc 
of **P), 0-01 m. The total volume was 3 ml. 

Mitochondria obtained from dispersions of rat brain 
prepared in 0-25m-sucrose were incubated in Warburg 
vessels for 70 min. at 37-5° in an atmosphere of O,. Oxygen 
consumption was measured during the last 60 min. of 
incubation. Details of the preparation of the mitochondria 
were given by McMurray et al. (1957a). The mitochondria 
were incubated in a medium containing: sodium pyruvate, 
0-013m; sodium malate, 0-002m; adenosine 5’-phosphate 
(AMP), 0-0025m; MgCl,, 0-008m; NaF, 0-012m; glycyl- 
glycine buffer, pH 7-4, 0-015m, and sodium phosphate 
(containing 120 uc of *P), 0-01 m. The total volume was 3 ml. 

When measured, the concentration and the specific radio- 
activity of ATP were determined by the chromatographic 
procedures of Krebs & Hems (1953). Usually the lipid P 
was extracted and purified for specific radioactivity deter- 
minations as described by McMurray et al. (19575). 

In some experiments a number of samples were pooled 
and portions of the lipid extract, representing 200-300 mg. 
of original tissue, were taken to dryness under reduced 
pressure at 50°. The residue was extracted in CHCI,- 
methanol (1:1, v/v) and the extract was carried through the 
mild alkaline-hydrolysis procedure of Dawson (19545). The 
water-soluble hydrolysis products were purified and sub- 
jected to, two-dimensional paper chromatography with the 
phenol—aq. NH; soln. and ¢ert.-butanol-trichloroacetic acid 
solvents as described by Dawson (19546). By this method 
glycerophosphate (GP), glycerylphosphorylcholine (GPC), 
glycerylphosphorylethanolamine (GPE), glycerylphospho- 
rylserine (GPS), a hydrolysis product of diphosphoinosit- 
ide (IP) and other unidentified P-containing compounds 
were separated. Dawson (19546) suggested that the GP is 
derived from phosphatidic acid, but it is possible that some 
GP also may arise from diphosphoinositide (Folch & 
LeBaron, 1956; Hawthorne, 1955) or some other lipid. The 
GPC, GPE and GPS are derived from phosphatidylcholine 
(lecithin), phosphatidylethanolamine and phosphatidyl- 
serine respectively. The spots were located by radioauto- 
graphy and by spraying the chromatograms either with the 
phosphorus reagent of Hanes & Isherwood (1949) or with 
ninhydrin reagent. The spots containing GP, GPC and GPE 
were identified by comparing their Rp values with those of 
authentic compounds. Acid hydrolysis of the GPC, GPE 
and GPS yielded GP and choline, ethanolamine and serine 
respectively, which were identified chromatographically. 
The material from each spot was eluted with water and 
ashed, and the concentration and specific radioactivity of 
the total P were determined. 
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Labelled intermediates 

triphosphate. The AT**P was pre- 
pared biosynthetically by a modification of the method used 
in the metabolic studies. Water dispersions of rat brain 
were incubated for 40 min. at 37-5° in the medium described 
above. The incubation was carried out aerobically in the 
presence of 1 mo of inorganic **P and 0-01 m-KF. The total 
trichloroacetic acid (TCA)-soluble fraction from four 
samples was separated chromatographically (in 50 portions 
of 250 yl.) by the method of Krebs & Hems (1953). The 
chromatograms were washed with ether to remove the TCA 
and the spots containing ATP were eluted in a total volume 
of 40 ml. The yield was 6 mg. of ATP (computed from 
Passay), with a specific radioactivity of 10° counts/min./yg. 
of P. 

In the anaerobic-homogenate experiments the final con- 
centration of ATP was 0-0007 M, with a specific radioactivity 
of 10* counts/min./ug. of P. In the aerobic mitochondrial 
experiments the final concentration was 0-0025M, with a 
specific radioactivity of 3 x 10% counts/min./yg. of P. 

Preparation of radioactive phosphorylcholine (#?PCh). This 
was synthesized by the method of Riley (1944a). The 
reaction mixture, consisting of 0-5 g. of crystalline H,PO, 
containing 17 mo of #*P and 0-5 g. of dry choline chloride, 
was heated for 10 hr. at 155° under reduced pressure. The 
inorganic P was removed by precipitation with Ca(OH), at 
pH 8-9, and the calcium salt of **PCh was precipitated at 
-20° from the supernatant by the addition of an equal 
volume of ethanol. The yield was 0-15 g. of crystalline 
product, with a specific radioactivity of 1-5 x 104 counts/ 
min./ug. of P [Found: N, 4-27 (Kjeldahl); P, 9-36%; 
N/P, 0-995 (atom/atom). Calcium salt of PCh requires 
N, 4:25; P, 9-38%; N/P, 1-00]. 

Calcium was removed from a solution of **PCh by pre- 
cipitation with oxalate. In both the homogenate and mito- 
chondrial experiments a portion (0-3 ml.) of the solution was 
added to each vessel to give a final concentration of 0-002 m- 
PCh, with a specific radioactivity of 1-5 x 10* counts/min./ 
pg. of P. 

Preparation of radioactive «-glycerophosphate. A method 
similar to that described by Bailly & Gaumé (1924) was 
used for the preparation of «-G**P. A mixture of 5 ml. of 
M-a-glycerochlorohydrin (Eastman Kodak Co. Rochester, 


Radi, 


N.Y.) and 5 ml. of m-Na,PO,, containing 17 mo of #*P, was 
allowed to react at room temperature for 50 hr. Inorganic P 
was removed and «-G*P was precipitated as the calcium 
salt by the method described above for #*PCh. The yield was 
0-75 g. of fine amorphous powder, with a specific radio- 
activity of 1-5 x 10* counts/min./yg. of P (Found: P, 10-2. 
Calcium salt of GP requires P, 10-1%). The ester P was 96- 
100% «-GP, with negligible amounts of £-GP, as deter- 
mined by the periodate method of Burmaster (1946). 

Calcium was removed from a solution of «-G#P by 
precipitation with oxalate. In both the homogenate and 
mitochondrial experiments a portion (0-6ml.) of the 
calcium-free solution was added to each vessel to give a 
final concentration of 0-004M-«-GP with a specific radio- 
activity of 1-5 x 104 counts/min./yg. of P. 


Reagents 

Coenzyme A (CoA), ATP and cytidine triphosphate 
(CTP) were obtained from Pabst Laboratories, Milwaukee, 
Wisconsin. 

The GPE was a gift from Dr E. Baer, Banting and Best 
Department of Medical Research, University of Toronto, 
and the GPC was a gift from Dr C. S. McArthur, Department 
of Biochemistry, University of Saskatchewan. 

The origin of other reagents used was given by McMurray 
et al. (19575). 


RESULTS 
Inorganic 

Coenzyme A. Table 1 shows that the addition of 
either CoA (5 x 10-°o) or glutathione (2-5 x 10-?m) 
to the water dispersion of rat brain caused an 
increase in the anaerobic labelling of phospholipid 
from inorganic **P (Expts. 1 and 2). When the two 
compounds were added together, the increase was 
greater than that obtained when either substance 
was added singly. The increased labelling of phos- 
pholipid observed in the presence of CoA and gluta- 
thione was found not to be accompanied by any 
significant increases either in the rate of glycolysis 
or in the labelling and concentration of ATP. 


Table 1. Effect of coenzyme A and glutathione on the specific radioactivity of the lipid phosphorus of a water 
dispersion of rat brain and of rat-brain mitochondria 


Incubated as described in Methods with 120 uc of inorganic **P (final concn., 0-01). Specific radioactivity is expressed 


as counts/min./yg. of P. 


Water dispersion Mitochondria 
(gas phase, N,) (gas phase, O,) 
“Expt. 1 Expt. 2° “Expt. 3 Expt. 4. 
Control 30-5 23-7 55:3 72-6 
CoA (5 x 10-5) 60-0 40-1 57:8 73-1 
Glutathione (2-5 x 10-?m) 56-6 32-1 50-8 
CoA + glutathione 87-0 44-4 61-0 53-1 
% of the control % of the control 
Expt. 1 Expt. 2 Expt. 3 Expt. 4 
CoA 197 169 105 101 
Glutathione 186 136 92 —— 
CoA + glutathione 287 188 110 73 
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Kornberg & Pricer (1952) reported that the 
addition of CoA stimulated the incorporation of 
a-G*2P into the lipid P of an extract of rat liver. 
Subsequently the same workers (Kornberg & Pricer, 
1953a, b) showed that the addition of cysteine 
potentiated the activating effect of CoA, pre- 
sumably by preventing auto-oxidation of the essen- 
tial thiol group. In our experiments glutathione 
was added in place of cysteine for this purpose, after 
it had been shown that cysteine inhibited the oxygen 
consumption, glycolysis and the **P incorporation 
in the brain preparations. 

In the aerobic-mitochondrial system the addition 
of CoA or glutathione did not similarly stimulate the 
incorporation of inorganic **P into phospholipid 
(Table 1, Expts. 3 and 4). In Expt. 4 the addition of 
glutathione and CoA caused a decrease in the specific 
radioactivity of the lipid P. Dawson (1953) re- 
ported that the addition of CoA to respiring KCl 
dispersions of guinea-pig brain did not affect the 
incorporation of inorganic **P into phospholipid. 

The observation that CoA increased the labelling 
of lipid P from inorganic **P in the water dispersions, 
but not in mitochondria, is quite consistent with the 
less exacting cofactor requirements demonstrated 
previously for labelling of mitochondrial phospho- 
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lipids (McMurray et al. 1957a). Schneider (1953) 
reported that CoA is present in isolated mitochon. 
dria, and it is conceivable that the concentration 
of CoA within the mitochondrion is optimum for 
phospholipid labelling. On the other hand, it seems 
likely that in the water dispersions, in which the 
mitochondria are damaged both morphologically 
and metabolically, the CoA had diffused from sites 
of metabolic activity in the damaged particles. 
Cytidine triphosphate. The recent researches of 
Kennedy & Weiss (1955, 1956) disclosed the role of 
CTP as a cofactor in the synthesis of lecithin by 
liver-mitochondrial preparations. Table 2 indicates 
that the addition of CTP, in concentrations as low 
as 3:5x10->m, increased the incorporation of 
inorganic **P into the lipid P of both the anaerobic 
hypotonic dispersions and mitochondrial prepara- 
tions of rat brain. With 3-5 x 10-4mM-CTP the in- 
crease was of the order of 70-80 % for both systems, 
These increases were found not to be associated 
with significant increases in glycolysis or respiration, 
or increases in the labelling or concentration of ATP, 
Table 3 shows the effects of adding CoA or CTP 
upon the specific radioactivities of the hydrolysis 
products of the phospholipids labelled in each of the 
two systems. In the anaerobic system (Expt. 1), the 


Table 2. Effect of cytidine triphosphate on the specific radioactivity of the lipid phosphorus of a water 
dispersion of rat brain and of rat-brain mitochondria 


Incubated as described in Methods with 120 uc of inorganic **P (final conen., 0-01™m). 


Water dispersion Mitochondria 
(gas phase, N,) (gas phase, Os) 
Specific Specific 
radioactivity radioactivity 
CTP concn. (counts/min./ % of the (counts/min./ % of the 
(m) pg. of P control pg. of P) control 
0 52-9 100 23-8 100 
7-0 x 10-6 56-7 107 18-4 77 
3-5 x 10-5 75-7 143 28-6 120 
7-0 x 10-5 73:3 139 30-0 126 
3-5 x 10-* 94-8 179 41-0 172 
7-0 x 10-+ 90-4 171 50-7 213 


Table 3. Effect of coenzyme A and cytidine triphosphate on the specific radioactivity of the hydrolysis products 
of the individual phospholipids from a water dispersion of rat brain and from rat-brain mitochondria 


Incubated as described in Methods with 1200 of inorganic **P (final concn., 0-01m). GPS, GPE, GPC, GP and IP 
were separated by two-dimensional paper chromatography (Dawson, 19546). Specific radioactivity is expressed as 


ts/min./yg. of P. 
counts/min./ yg. 0! Expt. 1. Water dispersion 


Expt. 2. Mitochondria 


(gas phase, N,) (gas phase, 03) 
Hydrolysis CoA CTP CoA CTP 
product Control (5 x 10-5m) (7 x 10-*m) Control (5 x 10-5m) (3-5 x 10-4) 
GPC 2-1 1:8 4:3 0-4 0-4 4-6 
GPE 1-7 2:3 75 15 15 2-9 
GPS 15-1 19-9 26-1 9-1 9-3 12-9 
GP 1170 1360 680 1480 1620 1520 
IP 1440 1980 2430 530 472 1860 
Total lipid P 69-0 89-2 92-9 98-0 95-5 172 
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GP (presumably from phosphatidic acid or diphos- 
phoinositide) and IP (from diphosphoinositide) of 
the control samples had specific radioactivities 
many times greater than that of the total lipid P. 
Moreover, most of the **P incorporated into the 
phospholipids was recovered from the GP and IP, 
despite the low concentrations of these compounds. 
As characterized by their respective hydrolysis 
products (GPC, GPE and GPS), the phospho- 
glycerides that contribute most of the P to the 
phospholipid extract were not significantly labelled. 
In most cases, the observed counts/min. were no 
more than twice the background counting rate, so 
that the recorded specific activities of GPC, GPE 
and GPS may be regarded as negligible. Similar 
results were obtained with the mitochondrial system, 
but here the specific activity of the IP was re- 
latively lower (Expt. 2, Table 3). The results are in 
accord with reports of Dawson (1954a, b) that phos- 
phatidic acid and diphosphoinositide were strongly 
labelled in KCl dispersions of guinea-pig brain 
incubated aerobically in the presence of inorganic 
®P, with no appreciable incorporation into the 
major phosphoglycerides. 

In the water dispersion the addition of CoA caused 
an increase in the anaerobic labelling of the total 
lipid P (Expt. 1, Table 3). This increase was almost 
exclusively associated with similar increases in the 
specific radioactivities of GP and IP. The changes in 
the labelling of the GPC, GPE and GPS were so 
small that they contributed negligible radioactivity 
to the increased labelling of the total lipid P ob- 
served in the presence of CoA. In contrast with the 
observations obtained with water dispersions of rat 
brain, CoA was found to have no significant effect on 


Table 4. Effect of «- and B-glycerophosphate and 
glycerol on the specific radioactivity of the lipid 
phosphorus of a water dispersion of rat brain and 
of rat-brain mitochondria 


Incubated as described in Methods with 120yc of 
inorganic *2P (final conen., 001m). Conen. of GP and 
glycerol, 0-001m (Expt. 1), 0-005m (Expts. 2-4). Specific 
radioactivity is expressed as counts/min./yg. of P. 


Water dispersion Mitochondria 
(gas phase, Na) (gas phase, Os) 


Additions Expt.1 Expt.2 Expt.3 Expt. 4 
None * 92-6 353 105 45:8 
a-GP 23-4 29-6 71:3 28-2 
B-GP — 31-1 91-1 46-2 

lycerol 25-8 35:8 112 44-0 
% of the control % of the control 
Expt.1 Expt.2 Expt.3 Expt. 4 
a-GP 104 84 68 62 
B-GP 88 87 101 


Glycerol 114 102 107 97 
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the labelling of phospholipids in mitochondria 
(Expt. 2, Table 3). This confirms the results pre- 
viously reported in Table 1. 

With both systems the increase in labelling of 
lipid P observed after the addition of CTP was 
largely the result of an increase in the specific radio- 
activity of the IP compound (Table 3). The 
labelling of GPC, GPE and GPS was also increased 
by the addition of CTP, but the specific radio- 
activities of these derivatives of the phospho- 
glycerides were so small that the increases were of 
doubtful significance. 

Glycerophosphate and glycerol. Table 4 shows that 
the addition of «-GP in a concentration of 0-001mM 
to the hypotonic dispersion did not affect the 
anaerobic labelling of the lipid P (Expt. 1). At 
a concentration of 0-005m both «-GP and 
slightly decreased the labelling (Expt. 2). The 
addition of glycerol was without significant effect. 
Dawson (1953) reported that the addition of «-GP, 
B-GP (0-0025m) or glycerol (0-008m) did not 
significantly affect the labelling of lipid P from 
inorganic *?P in KCl dispersions of guinea-pig brain 
under aerobic conditions. 

In brain mitochondria (Expts. 3 and 4) the 
addition of «-GP (0:005m) caused a 30-40% 
decrease in the **P labelling of lipid P. In com- 
parison, the effects of B-GP and glycerol were small. 
Kennedy (1953) reported that in rat-liver mito- 
chondria the inhibitory effect of «-GP was much 
greater and was observed at lower concentrations 
(0-001m). Presumably the decrease in the labelling 
of phospholipid is due to a dilution of the activity 
of «-G*2P formed from inorganic *P. Kennedy 
(1953) also reported that the addition of glycerol 
(0-00017m) increased the labelling of phospholipid 
in rat-liver mitochondria. None of the compounds 
tested was found to affect the anaerobic glycolysis 
of the waier dispersions or the oxygen consumption 
of the mitochondria. 

Other experiments showed that the addition of 
known components of brain phospholipids (choline, 
serine, ethanolamine or inositol) did not affect the 
anaerobic labelling of lipid P in the water dis- 
persions to any significant degree. Dawson (1953) 
reported similar negative findings in aerobic experi- 
ments with KCl dispersions of guinea-pig brain. 


32P- Labelled intermediates 


The labelling of a phospholipid from a suspected 
precursor labelled with **P is of itself insufficient 
evidence that the compound is a precursor of the 
phospholipid. When *P-labelled phosphoryl- 
ethanolamine (Chargaff & Keston, 1940) or *2PCh 
(Riley, 19446) was administered to animals in vivo, 
the liver phospholipid was labelled; however, in 
these experiments the labelled compounds were 
hydrolysed to inorganic **P, which could, in turn, 
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have been incorporated into the phospholipids by 
reactions not necessarily involving phosphoryl- 
ethanolamine or PCh. 

In the experiments in vitro described below, the 
specific radioactivity of the inorganic P of the TCA 
extract was determined after incubation of the 
tissue with **P-labelled compounds. In this way 
a relative specific activity (specific radioactivity of 
lipid P/specific radioactivity of inorganic P) was 
computed. Ifthe relative specific activity had been 
found to be the same when the radioactivity was 
added either as the **P-labelled suspected precursor 
or as inorganic *P, then the radioactivity appearing 
in the phospholipid must have been derived from 
the inorganic **P arising from the breakdown of the 
32P-labelled compound. If, on the other hand, the 
relative specific radioactivity of the phospholipid 
from the samples containing the labelled precursor 
had been found to be greater than that from the 
samples containing added inorganic *2P, it could be 
argued that some of the **P in the phospholipid had 
been derived from the labelled compound per se, 
without prior breakdown to inorganic **P. 

The results presented in Table 5 demonstrate that 
the *P from and was in- 
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corporated into the phospholipids of the anaerobic , 


water dispersion and mitochondria of brain. For 
each compound, and in each of the two systems, 
the relative specific radioactivity of the lipid P was 
greater when the labelled intermediate was the 
source of the radioactivity than when the radio- 
activity was derived from inorganic **P. From the 
considerations presented above, it may be con- 
cluded that the labelling of phospholipid from the 
%2P-labelled suspected intermediates did not pro- 
ceed solely from the inorganic **P arising from 
hydrolysis of the compounds. 

32P- Labelled phosphorylcholine. Table 6 shows that 
in both the anaerobic water dispersion and aerobic 
mitochondrial system there was virtually no in- 
corporation of *2PCh into lipid P in the absence of 
CTP. With the addition of CTP good labelling was 
achieved. As shown previously (‘Table 2), the addi- 
tion of CTP also stimulated the incorporation of 
inorganic **P into phospholipid in both brain pre- 
parations, but the increase was smaller than that 
observed with *2PCh. Furthermore, with inorganic 
82P considerable incorporation was observed in the 
absence of CTP. The addition of CoA, which in- 
creased the labelling of lipid P from inorganic **P 


Table 5. Incorporation of **P-labelled intermediates into the lipid phosphorus of a water dispersion of 
rat brain and of rat-brain mitochondria 


Incubated as described in Methods with 120 po of inorganic *P, 12 uc of AT®P, 18 uo of *PCh or 36 uo of a-G*P. In 
the **PCh experiments CTP was added, 7-0 x 10-*m for water dispersion and 3-5 x 10-*m for mitochondria. 


Water dispersion Mitochondria 
(gas phase, Ng) (gas phase, O,) 
Conen. of radioactivity  10%xRelative radioactivity x Relative 
Labelled precursor (counts/min./ specific (counts/min./ specific 
precursor (m) pg. of P) radioactivityt pg. of P) radioactivityt 
Inorg. *P 1x10 24-4 1-4 48-5 3-2 
8-6 6-7 53 8-2 
Inorg. *2P 137 7-4 112 6-5 
2x10-* 18-9 2590 20-8 1060 
Inorg. *2P 1x10? 69-0 2-7 97-9 3-8 
a-GS2P 4x10-4 11-7 36-6 24-9 93-0 


* Conen. of ATP in mitochondrial experiment, 2-5 x 10-m. 
+ Relative specific radioactivity =specific radioactivity of lipid P/specific radioactivity of inorganic P. 


Table 6. Effect of cytidine triphosphate on the incorporation of *2PCh into the lipid phosphorus of a water 
dispersion of rat brain and of rat-brain mitochondria 


Incubated as described in Methods with 18 yo of **PCh (final concn., 2 x 10-*m). Specific radioactivity is expressed as 
counts/min./yg. of P. CTP, 7-0 x 10-*m for water dispersion and 3-5 x 10-*m for mitochondria. CoA, 5 x 10-m for both 


8 ms. 
an Water dispersion Mitochondria 
(gas phase, N,) (gas phase, 92) 
System Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. 5 Expt. 6 
Control 1-7 2-2 3-6 3-4 0 1-7 
CTP 32-9 63-8 50-9 49-8 33-1 31-7 
CTP +CoA 24-1 a = 
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in the anaerobic system, somewhat decreased the 
labelling from *2PCh, when it was added alone or 
together with CTP. 

It was observed that the requirement for added 
CTP in the incorporation of *2PCh into phospho- 
lipid in the anaerobic water homogenate was not 
satisfied by replacing CTP with the triphosphates of 
uridine (UTP), inosine (ITP) or guanosine (GTP). 
This is in agreement with the findings of Kennedy & 
Weiss (1955), who first showed an absolute require- 
ment for CTP and no requirement for CoA in the 
labelling of lecithin from **PCh by lyophilized liver 
mitochondria. 
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The distribution of radioactivity in the hydro- 
lysis products of the labelled phospholipids from 
a hypotonic dispersion that had been incubated 
anaerobically with *2PCh is shown in the radio- 
autographs reproduced in Fig. 1. A very small 
amount of radioactivity was recovered from the 
GPC derived from the lecithin of control samples 
(Fig. la). Labelling of the GPC was greatly in- 
creased by the addition of CTP (Fig. 1b). An 
unknown compound (3) was labelled to a lesser 
extent in the latter samples. Similar results were 
obtained with phosphorylating mitochondria. The 
data presented in Table 7, Expt. 1, demonstrate 
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Fig. 1. Radioautographs of chromatograms of hydrolysis products of labelled phospholipids. Water dispersion of rat 
brain was incubated anaerobically with **PCh as described in Methods. (a), No CTP; (b), CTP, 7 x 10-*m. GPC, 
Glycerylphosphorylcholine; GPE, glycerylphosphorylethanolamine; GPS, glycerylphosphorylserine; GP, glycero- 


phosphate; IP, hydrolysis product of diphosphoinositide; 3, unidentified compound. 


Table 7. Specific radioactivity of hydrolysis products of phospholipids from a water dispersion of rat brain 
and from rat-brain mitochondria incubated with PCh and with «-G*P 


Incubated as described in Methods. Hydrolysis products of the phospholipids were separated by two-dimensional paper 
chromatography (Dawson, 19546). Specific radioactivity is expressed as counts/min./pg. of P. 


Expt. 1. **PCh (18 yo; final conen., 2 x 10-*m) 


Water dispersion Mitochondria 
(gas phase, Ns) (gas phase, 03) 
Hydrolysis CIP 
product Control (7 x 10-*m) Control (3-5 x 10-4m) 
GPC 15-8 285 1:8 75:5 
Expt. 2. «-G%*P (36 yo; final conen., 4 x 10-*m) 
Water dispersion Mitochondria 
(gas phase, Ny) (gas phase, 03) 
ij CoA CoA 
Control (5 x 10-5) Control (5 x 10-5m) 
GP 107 147 577 2385 


IP 236 255 56-9 618 
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that in both the anaerobic and aerobic systems the 
addition of CTP greatly increased (20—40 times) the 
incorporation of *2PCh into the GPC. The radio- 
activity in other phospholipid hydrolysis products 
(GPE, GPS, GP and IP) was less than one-half of 
the background counting rate and was considered 
to be negligible. This is in contrast with the experi- 
ments with inorganic **P, where the increase in the 
labelling of lipid P brought about by the addition of 
CTP was largely the result of an increase in the 
specific radioactivity of IP (Table 3). 

The fact that the label from *2PCh was incorpor- 
ated almost exclusively into the lecithin in both the 
anaerobic and aerobic systems indicates that 
32PCh, in contrast with inorganic **P, is not a pre- 
cursor of phosphatidic acid or diphosphoinositide. 

32P-Labelled «-glycerophosphate. The addition of 
CTP caused a slight decrease in the labelling of 
lipid P from «-G*?P in both the water dispersion and 
the mitochondrial system (Table 8). The concentra- 
tion of CTP was the same as that which caused a 
considerable increase in labelling when the radio- 
activity was derived from inorganic **P (Tables 2 
and 3). On the other hand, the addition of CoA, 
which caused an increase in the incorporation of 
inorganic *2P into lipid P in the anaerobic, but not 
in the aerobic system, caused an increase in the 
labelling from «-G*?P in both systems. Kornberg & 
Pricer (1952) showed that the incorporation of the 
label from a-G*2P into the phospholipids of a 
soluble enzyme preparation from liver dispersions 
was considerably increased by the addition of CoA. 
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Fig. 2a shows that in the aerobic-mitochondrial | 
system most of the radioactivity of the «-G**P was _ 
recovered from the GP. The increased radioactivity | 
caused by the addition of CoA was almost all in the 
GP, with lesser amounts in the IP and unknown 
compound 1 (Fig. 26). Similar results were ob- 
tained with the anaerobic hypotonic dispersion, 
From Expt. 2, Table 7, it may be seen that the GP 
and IP were both strongly labelled from «-G*P in 
the anaerobic water dispersions. The IP was less 
radioactive than the GP in the mitochondrial 
samples. In both the aerobic and anaerobic 
systems, the specific radioactivity of GP, but not of 
IP, was increased by the addition of CoA, the 


Table 8. Effect of cytidine triphosphate and co- 
enzyme A on the incorporation of «-G**P into the 
lipid phosphorus of a water dispersion of rat brain 
and of rat-brain mitochondria 


Incubated as described in Methods with 36 wc of «-G®P 
(final conen., 4 x 10-*m). 


Specific radioactivity of lipid P 
(counts/min./yg. of P) 
Water Mitochondria 
dispersion (gas phase, O,) 
System N,) Expt.1 Expt. 2 
Control 13-4 21-0 25-4 
CTP (3-5 x 10-*m) 8-2 19-1 19-0* 
Coenzyme A (5 x 10-5m) 35-5 59-0 89-2 


* CTP concentration was 1-7 x 10-*m. 
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Fig. 2. Radioautographs of chromatograms of hydrolysis products of labelled phospholipids. Rat-brain mitochondria 
were incubated aerobically with «-G*2P as described in Methods. (a), No CoA; (6), CoA, 5x 10-5m. GPC, Glyceryl- 
phosphorylcholine; GPE, glycerylphosphorylethanolamine; GPS, glycerylphosphorylserine; GP, glycerophosphate; 
IP, hydrolysis product of diphosphoinositide; 1, unidentified compound. 
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Table 9. Effect of potassium fluoride and iodoacetate on the incorporation of *®=PCh and «-G*2P 
into the lipid phosphorus of a water dispersion of rat brain 


Incubated as described in Methods with **PCh or «-G**P. Gas phase, N,. CTP, 7 x 10-*m, was added to samples with 


#PCh. 


Expt. 1. *PCh (18 no; 
final conen., 2 x 10-*M). 


Expt. 2. a-G®P (36 uo; 
final conen., 4 x 10-*m). 


Specific radioactivity Specific radioactivity 
of lipid P of lipid P 
(counts/min. | %of the (counts/min. | %of the 
System pg. of P) control pg. of P) control 
Control 18-9 100 13-4 100 
KF (10-*m) 9-9 53 2-9 22 
Iodoacetate (10-*m) 59 31 0-5 4 


Table 10. Effect of sodium fluoride and 2:4-dinitrophenol on the incorporation of *®PCh 
and «-G**P into the lipid phosphorus of rat-brain mitochondria 


Incubated as described in Methods with **PCh or «-G**P. Gas phase, O,. CTP, 3-5 x 10-‘m, was added to samples with 


®PCh. 


Expt. 1. *PCh (18 uo; 
final conen., 2 x 10-*M). 


Expt. 2. «-G*P (36 uo; 
final conen., 4 x 


Specific radioactivity Specific radioactivity 
of lipid P of lipid P 
A. A. 
(counts/min./ % ofthe  (counts/min./ % of the 

System peg. of P) control pg. of P) control 
Control 20-8 100 10-6 100 
No NaF 8-8 2 4:3 41 
DNP (5 x 10-5) 12-6 61 3-5 33 


effect of CoA being considerably greater in the 
aerobic than in the anaerobic system. 

The distribution of the label in the individual 
phospholipids (chiefly in the phosphatidic acid and 
diphosphoinositide, and not in the major phospho- 
glycerides) is similar to that reported above for 
the incorporation of inorganic **P (Table 3), and 
contrasts markedly with the strong labelling of 
lecithin from #2PCh. Moreover, CoA, but not CTP, 
increased the labelling of phosphatidic acid from 
a-G22P, 

Inhibitors 

Experiments described in the earlier papers indi- 
cated that in water dispersions of brain (McMurray 
et al. 19576) and in brain mitochondria (McMurray 
et al. 1957a) the labelling of lipid P from inorganic 
P was associated with the labelling of ATP. In 
addition, the maintenance of an adequate concen- 
tration of ATP was necessary. In these experiments 
the labelling of lipid P and both the labelling 
and the concentration of ATP were found to be 
decreased by the addition of fluoride or iodo- 
acetate in the anaerobic system, and by the 
omission of fluoride, or the addition of DNP, in 
the aerobic system. 

In the experiments reported in Tables 9 and 10 
the radioactivity was derived from either *#PCh or 
a-G*P, i.e. the labelling of the lipid P was inde- 
pendent of the presence or absence of the label in 
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ATP. In both the anaerobic and the aerobic 
systems the labelling of the lipid P from **PCh or 
a-G*2P was inhibited under conditions where it is 
known that optimum concentrations of ATP were 
not maintained. 


DISCUSSION 


The experiments demonstrate the existence in 
brain of two reaction sequences involved in the **P- 
labelling of brain phospholipids: (a) the labelling of 
lecithin from *2PCh in the presence of a specific 
cofactor, CTP, and (b) the labelling of phosphatidic 
acid from «-G*2P, the latter reaction being stimu- 
lated by the addition of CoA. 

Kornberg & Pricer (1952) suggested that **?PCh 
was incorporated as a unit into lecithin by an 
aqueous extract of liver. More recently, Kennedy & 
Weiss (1955, 1956) verified that **PCh was a pre- 
eursor of lecithin in rat-liver mitochondria, and 
exploited the impurities in a commercial prepara- 
tion of ATP to demonstrate a specific requirement 
for CTP. The latter investigators postulated that 
32PCh was ‘activated’, with the formation of a 
novel intermediate, cytidine diphosphate choline 
(CMP ~#2PCh). Isolation, characterization and 
synthesis of this intermediate, and the demonstra- 
tion that the labelled intermediate is incorporated 
quantitatively into lecithin by the liver-enzyme 
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system, is good evidence for the occurrence of the 
following reactions: 


CTP +®2PCh = CMP ~*PCh + P-P, (1) 


CMP ~*PCh + p-aB-diglyceride > 
CMP, (2) 


where P-P represents pyrophosphate and CMP 
represents cytidine monophosphate. It appears 
that a similar activation with CTP occurs in the 
incorporation of **P-labelled phosphorylethanol- 
amine into phosphatidylethanolamine, and that the 
reaction may be a general one in the biosynthesis of 
phospholipids (Kennedy, 1956). 

The substance that accepts PCh from CMP ~ PCh 
in reaction (2) was difficult to characterize because 
the enzyme preparations contained endogenous 
lipid and, presumably, endogenous acceptor. 
Another difficulty is that «f-diglycerides, the most 
likely acceptors, are only sparingly soluble in 
water. Rodbell & Hanahan (1955) showed that the 
incorporation of *?PCh into the lecithin of guinea-pig 
liver mitochondria was slightly stimulated by the 
addition of either D-«f-diglyceride or an L-a- 
phosphatidic acid. These experiments were carried 
out without the addition of CTP. However, Weiss 
& Kennedy (1956) reported that the addition of 
a mixture of D-«B-diglycerides to a liver-enzyme 
system greatly stimulated the incorporation of 
labelled CMP ~PCh into lecithin, and the same 
group of workers have recently reported a net 
synthesis of lecithin from CMP~PCh and p-«f- 
diglyceride (Weiss, Smith & Kennedy, 1956). 

The experiments reported in the present paper, 
i.e. the labelling of lipid P from **PCh without 
involving the labelling of inorganic P or ATP, 
suggest that ®2PCh is incorporated as a unit into the 
lipid P of the brain preparations. The almost 
absolute requirement for CTP is strongly suggestive 
of an activating mechanism similar to that de- 
scribed by Kennedy & Weiss (1955, 1956). As in 
the experiments of Kennedy (1956), lecithin, 
characterized by its hydrolysis product GPC, 
contained the major part of the radioactivity of the 
phospholipids. 

The requirements for conditions that promote 
optimum glycolytic phosphorylation (water dis- 
persions) or oxidative phosphorylation (mito- 
chondria) for the optimum incorporation of *?PCh 
into lipid P demonstrate the necessity for main- 
tenance of adequate concentrations of ATP in the 
labelling of lecithin. As indicated in reactions (1) 
and (2), the ‘activation’ of °?PCh and its subsequent 
transfer to lecithin results in the overall conversion 
of CTP into CMP. In addition, CTP may be broken 
down by brain phosphatases. A source of ATP is 
necessary for the restoration of an adequate con- 
centration of CTP. The phosphorylation of CMP or 
CDP may be brought about by enzymes similar to 
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those described by Herbert & Potter (1956) for liver 
tissue, i.e. enzymes catalysing reactions such as 


CMP + ATP =CTP+ AMP. (3) 


In agreement with the observations of Dawson 
(19544, b), it was noted that when cell-free brain 
preparations were incubated with inorganic *P, a 
major portion of the total labelling of the phospho- 
lipid was recovered from a fraction provisionally 
identified as phosphatidic acid. The experiments pro- 
vide some evidence for the participation of «-G**P as 
an intermediate in the labelling of brain phospha- 
tidic acid from inorganic *P, for the addition of un- 
labelled «-GP decreased the specific radioactivity of 
the lipid P, presumably by dilution of the specific 
radioactivity of «-G**P. Similar results were ob- 
tained by Kennedy (1953) with liver mitochondria. 

The experiments indicate that the radioactivity 
of «-G*2P was not incorporated into brain lecithin. 
However, the «-G*?P was rapidly incorporated into 
phosphatidic acid, so that it may be concluded that 
neither the labelled P of [8?P]phosphatidic acid nor 
that of «-G*?P is incorporated into lecithin. More- 
over, the addition of CoA, which increased the 
labelling of phosphatidic acid from inorganic *P 
and «-G*P, did not increase the labelling of lecithin 
from any of the labelled compounds studied. 

The finding that the addition of CoA increased 
the labelling of lipid P from «-G**P and inorganic 
82P was of considerable interest. The participation 
of coenzyme A in the metabolism of fatty acids 
has been firmly established (Lynen, 1953, 1954; 
Mahler, 1953). The possibility that the metabolic 
synthesis of phospholipid may exhibit a similar 
requirement for CoA was first demonstrated by 
Kornberg & Pricer (1952). Subsequently, Kornberg 
& Pricer (1953a) found that the esterification of 
L-a-G®P by a fatty acid was preceded by the 
‘activation’ of the fatty acid by a thiokinase 
reaction, with the formation of a thioester of CoA: 
Fatty acid + CoA +ATP=acyl~CoA+AMP + P-P. 

(4) 
The reaction is catalysed by a liver enzyme, for 
which the name fatty acid thiokinase has been 
suggested. Presumably the adeny] derivative of the 
fatty acid is an intermediate in the reaction, as 
suggested by Berg (1956) for acetic thiokinase. 

Kornberg & Pricer (19536) also demonstrated the 
presence of a second liver-enzyme system capable of 
esterifying the L-«-G*2P with two molecules of the 
‘activated’ fatty acid to form [°2P]L-«-phosphatidic 
acid 
L-a-G*P +2 acyl~CoA > 

acid+2 CoA. (5) 


Jedeikin & Weinhouse (1954) and Stansly (1955) 
have provided confirmatory evidence for such a 
mechanism in the formation of phosphatidic acid. 
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The experimental data presented here are con- 
sistent with the occurrence of similar reactions in 
cell-free preparations of brain, since (a) maximal 
labelling of lipid P from «-G**P in both brain pre- 
parations required the addition of CoA, and (6) the 
radioactivity of the brain-lipid P was largely in the 
phosphatidic acid fraction. The association of 
conditions that decreased the labelling from 
a-G*2P with those shown previously to decrease the 
concentration of ATP (McMurray et al. 19576) 
indicates the necessity of an endergonic-activating 
reaction similar to reaction (4). 

The conclusion, referred to above, that the 
labelled P of [**P]phosphatidic acid is not in- 
corporated into lecithin in brain preparations raises 
the question of the role of phosphatidic acid in 
the biosynthesis of glycerophosphatides. The part 
played by p-«f-diglycerides in the formation of 
lecithin has been referred to already. Weiss et al. 
(1956) have suggested that the [*?P]phosphatidic 
acid is dephosphorylated to form inorganic **P and 
p-aB-diglyceride according to the following re- 
action: 


acid > 
p-«B-diglyceride + inorg. *P. (6) 


The p-«f-diglyceride is then incorporated into 
lecithin by reaction (2). 

So far we have little indication that a reaction 
similar to (6) takes place in brain. Significant 
dephosphorylation of a synthetic phosphatidic acid 
(distearoyl-L-«-glycerophosphoric acid, kindly sup- 
plied by Dr E. Baer, Banting and Best Department 
of Medical Research, University of Toronto) could 
not be demonstrated in dispersions, mitochondria, 
or microsomes prepared from rat brain or liver. 
Work is in progress to clarify the role of diglycerides 
in the synthesis of brain lecithin and phosphatidic 
acid, 
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The overall scheme for the labelling of lecithin, 
based largely on the work of Kennedy (1956) for 
liver, and supported by our work on brain, is shown 
in Fig. 3. Enzymes responsible for the transfer of 
phosphate from ATP to choline and to glycerol have 
been described by Wittenberg & Kornberg (1953) 
and Bublitz & Kennedy (1954) respectively. 
Another route for the formation of labelled L-«-GP 
may be by way of the glycolysis intermediate, 
dihydroxyacetone phosphate (Baranowski, 1949; 
Tung, Anderson & Lardy, 1952). An active L-«-GP 
dehydrogenase is present in brain (Green, 1936). 

Work in this Laboratory indicates that both 
choline and glycerol may be phosphorylated in 
brain preparations. However, the choline phospho- 
kinase enzyme of Wittenberg & Kornberg (1953) 
has been demonstrated only in acetone-dried 
powders. The fact that the labelling of ATP from 
inorganic *?P and the labelling of lecithin from **PCh 
have both been demonstrated. in hypotonic homo- 
genates and mitochondria, but not the labelling of 
lecithin from inorganic **P or AT **P, would suggest 
that choline phosphokinase is the rate-limiting step 
in the labelling of lecithin from inorganic **P in the 
cell-free brain preparations. 

Evidence has been presented for the view that 
reactions (1-6) in the scheme shown in Fig. 3, 
corresponding to equations (1—6) in the text, may 
occur in brain. Fig. 3 also emphasizes the dual role 
of ATP (a) in providing labelled P for the phos- 
phorylation of choline and glycerol and (b) in 
providing energy for the regeneration of CTP 
(reaction 3) and fatty acyl ~ CoA (reaction 4). 

The labelling of IP, derived from brain diphos- 
phoinositide, is of some interest. The labelling of 
IP from G*2P was not affected by the addition of 
either CTP or CoA, whereas the incorporation of 
inorganic **P into IP was increased by the addition 
of CTP. This stimulation of the labelling of IP, 


Glycerol 


1 5 
| ATP) 


Q) 


[?2P]L-a-Lecithin 


D-af-Diglyceride 
Inorg. 


L-a-G 32P 


(6) 


— — [22P]L-a-Phosphatidic acid 


Fig. 3. Scheme showing the dual role of ATP in providing (a) labelled P and (6) energy for the labelling of lecithin 
and phosphatidic acid. Numbers in parentheses correspond to numbers df equations in text. 
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observed in the presence of CTP, might suggest the 
formation of an active inositol-containing inter- 
mediate analogous to CMP~PCh. However, 
further speculation concerning the biosynthesis of 
brain diphosphoinositide must await its fuller 
chemical characterization. 


SUMMARY 


1. In suitably ‘reinforced’ water dispersions of 
rat brain the anaerobic labelling of lipid phosphorus 
from inorganic **P was increased by the addition of 
coenzyme A (CoA), glutathione, or cytidine tri- 
phosphate (CTP) to the incubation medium. The 
labelling was not significantly affected by the 
addition of a-glycerophosphate («-GP) (0-001m), 
glycerol, choline, serine, ethanolamine or inositol. 

2. In phosphorylating mitochondria prepared 
from isotonic-sucrose homogenates of rat brain, 
the labelling of lipid phosphorus from inorganic 
%2P was increased by the addition of CTP, but not 
by the addition of CoA or glutathione. The labelling 
was decreased by the addition of «-GP (0-005), 
but not by the addition of B-GP or glycerol. 

3. Examination of the hydrolysis products of 
the labelled phospholipids showed that the increase 
in labelling produced by the addition of CoA to 
the anaerobic system (hypotonic dispersion) was 
almost exclusively the result of an increase in the 
labelling of GP (presumably from phosphatidic 
acid) anda hydrolysis product of diphosphoinositide 
(IP), whereas that produced by the addition of CTP 
to either system was largely due to an increase in 
the labelling of IP. 

4. In both systems the *P from radioactive 
adenosine triphosphate (AT *?P), phosphorylcholine 
(?2PCh) and «-G*2P was incorporated into lipid 
phosphorus without prior breakdown into inorganic 

5. The incorporation of **PCh into the lipid 
phosphorus of both systems was almost entirely 
into lecithin and was greatly stimulated by the 
addition of CTP, but not by the addition of CoA. 
The requirement for CTP could not be replaced by 
uridine, inosine or guanosine triphosphates. 

6. The incorporation of «-G**P into the lipid 
phosphorus of both systems was stimulated by the 
addition of CoA, but not by the addition of CTP. 
Radioactivity of the hydrolysis products derived 
from the labelled phospholipids was largely in GP 
and IP. The labelling of GP, but not that of IP, was 
increased by the addition of CoA. 

7. The labelling of lipid phosphorus from both 
32PCh and «a-G*P was inhibited in the hypotonic 
dispersion by conditions that inhibited glycolysis, 
and in the mitochondria by conditions that in- 
hibited oxidative phosphorylation. 
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8. The results are discussed in relation to the 
biosynthesis of phospholipids in brain. 

The work was aided by grants from the National Research 
Council of Canada and the National Mental Health Grants 
Administration. Technical assistance was rendered by 
Mr H. Bishop, Mrs M. McLarty and Miss J. Derzyruka. 
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The Influence of Intravenous Glucose on 
Blood-Insulin Activity in the Rat 


By J. E. WHITNEY* anp F. G. YOUNG 
Department of Biochemistry, University of Cambridge 


(Received 16 January 1957) 


Changes in the glucose uptake of the isolated rat 
diaphragm were first applied by Groen, Kam- 
minga, Willebrands & Blickman (1952) to the 
quantitative assessment of the insulin activity of 
blood plasma. Since that time this method, or 
variants of it, have been widely used for the de- 
tection and assay of plasma-insulin activity 
(Randle, 1954, 1956; Vallance-Owen & Hurlock, 
1954). With such a method Perlmutter, Weisenfeld 
& Mufson (1952) failed to find evidence for a rise in 
serum-insulin activity when glucose was given in- 
travenously to human beings, though Candela, 
Rovira & Candela (1954, 1955) did find a rise in the 
plasma-insulin activity of normal dogs receiving 
glucose intravenously. We have applied this method 
to blood plasma from normal rats at various times 
after the intravenous administration of glucose, and 
in addition have simultaneously measured the 
glucose uptake in buffer of the diaphragms from 
these animals in vitro. 


METHODS 


Animals. Normal female albino rats of an inbred labora- 
tory strain were used. The rats were maintained on a stock 
laboratory diet (Short & Parkes, 1949) and were used in 
groups of 12 when they weighed 90-130 g. The rats had free 
access to water but were without food for 18-20 hr. before 
the experiment. 

Procedure. In one series of experiments six of the 12 rats 
used in each experiment were anaesthetized with Nembutal 
(6 mg./100 g. body wt.). Each of three of the anaesthetized 
rats was given 200 mg. of glucose in 1 ml. of water intra- 
venously. Three control animals were given 1 ml. of 0-:9% 
NaCl. At timed intervals, 5-225 min. after the glucose 
administration, the animals were bled from the dorsal aorta 
into syringes containing a small amount of heparin, and the 
blood from each group was pooled separately for the sub- 
sequent preparation of the plasma. 

Immediately after the blood was drawn, the diaphragm 
from each animal was excised, cut into halves, and placed 
in buffer containing 250 mg. of glucose/100 ml. for a pre- 
liminary soaking of approximately 10 min. The buffer used 
(Gey & Gey, 1936) is a balanced salt solution of electrolyte 
composition similar to that of extracellular fluid, and 
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buffered with bicarbonate. Each hemidiaphragm was 
gently blotted after soaking and transferred to a beaker 
containing 1 ml. of the glucose-containing buffer. The hemi- 
diaphragms were incubated in a Dubnoff metabolic shaker 
at 37° for the next 90 min. The gas phase was O,+CO, 
(93:7). 

Plasma was prepared from the blood of both the glucose- 
injected and the control animals, and the glucose concentra- 
tion was determined. Samples of plasma were then diluted 
with 3 vol. of Gey & Gey (1936) buffer, and the final glucose 
concentration of each sample was adjusted to 250 mg./ 
100 ml. by the addition of glucose. 

The six unanaesthetized rats were killed by decapitation, 
the diaphragms removed, soaked for approximately 10 min. 
in the glucose-containing buffer and transferred to beakers 
containing 1 ml. of diluted plasma. These hemidiaphragms 
were incubated for 90 min. as above. At the end of the 
incubation period each hemidiaphragm was thoroughly 
blotted and weighed on a torsion balance. 

In another series of experiments a group of 11 rats was 
anaesthetized with Nembutal and eight of them were in- 
jected intravenously with glucose (200 mg./rat). Groups of 
two animals each were bled at intervals of 5, 10, 15 and 
20 min. after the injection. Three rats served as controls. 
The blood was drawn and the diaphragms were prepared as 
described above. Diaphragms from the injected animals 
were incubated in buffer immediately. The plasma from 
these animals was prepared and stored at 2° overnight. The 
following day it was diluted with 3 vol. of buffer. Dia- 
phragms from 12 normal rats were then incubated in the 
samples of plasma from these animals. This same procedure 
was repeated for time intervals of 20, 60, 90 and 120 min. 

The initial glucose concentration of the diluted plasma, 
and the final glucose content of each beaker, were deter- 
mined by the Somogyi (1952) modification of the Nelson 
method. 

The results, calculated as glucose uptake in plasma or 
buffer, in terms of mg. of glucose/g. of wet diaphragm/hr., 
were expressed as a percentage of the value for control 
diaphragm tissue in plasma or buffer respectively. The 
statistical significance of the change in glucose uptake at any 
given time was calculated by analysis of variance. A P value 
of 0-05 or less was taken as indicating a significant change. 


RESULTS 


Glucose uptake of diaphragms from 
glucose-injected rats incubated in buffer 
From Fig. 1 (a) it may be seen that the glucose 


uptake of diaphragms from glucose-injected rats is 
significantly higher than that of control diaphragms 
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15, 25, 30 and 35 min. after the injection of glucose. 
There is no significant difference at 45 or 60 min. 
At 90 and 120 min. after the injection of glucose, the 
glucose uptake of diaphragms from the injected 
rats is lower than that from control diaphragms but 
is not significantly different from control values at 
145 and 225 min. 

From Fig. 2 (a) the glucose uptake of diaphragms 
from the glucose-injected rats is higher than that of 
control diaphragms 10, 15 and 20 min. after the 
injection of glucose. The utilization of glucose is the 
same at 90 min., and at 120 min. is lower than that 
of diaphragms from the control rats. 


Glucose uptake of diaphragms from normal rats 
incubated in plasma from glucose-injected rats 
It may be seen from Fig. 1 (b) that plasma from 
glucose-injected rats is less effective in promoting 
the glucose uptake of normal rat diaphragm than 
plasma from normal rats 5, 15, 20, 25 and 30 min. 


(a) Diaphragm from glucose-injected rat, 
— incubated in buffer 
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—40+ 
"bo (b) Normal rat diaphragm incubated in plasma 
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Fig. 1. Effect of intravenous glucose in the rat on the 
glucose uptake in vitro of isolated diaphragm (a), and on 
blood-insulin activity (b). The glucose-injected rats had 
the mean blood-sugar values indicated in (c), at the time 
when the blood was drawn and the diaphragm excised. 
In these experiments at each period of time the result for 
each experimental observation is compared with that for 
a control observation at the same period of time. Each 
column in (a) and (6) represents the percentage change in 
the average glucose uptake of six hemidiaphragms com- 
pared with that of an equal number of controls. Each bar 
represents the average change for all the experimental 
points at each time. The uptake of glucose by normal rat 
diaphragm in vitro in our Laboratory is 3-0-3-5 mg./g. of 
diaphragm/hr. 


after the administration of glucose. At 120, 145 and 
225 min. after the administration of glucose, 
plasma from glucose-injected rats raises the glucose 
uptake of normal rat diaphragm above that seen in 
the presence of the control serum. From Fig. 2 (b) 
it is seen that the glucose utilization of normal rat 
diaphragm is greater than that of control plasma, 
60, 90 and 120 min. after the treatment with glucose, 

It must be emphasized that the changes in the 
glucose uptake of isolated normal rat diaphragm in 
the presence of plasma from the glucose-injected 
animals were not entirely consistent. At each time 
interval where a significant change is indicated in 
Fig. 1(b), one experiment considered by itself 
would not have revealed a significant difference. 
The source(s) of the variations cannot be ascer- 
tained at present. 

Comparison of Fig. 1 (b) with Fig. 1 (c), and of 
Fig. 2 (b) with Fig. 2(c), shows that a greater 
glucose uptake of normal diaphragm in the presence 
of plasma from the glucose-injected animals occurs 
only after the blood sugar of the glucose-injected 
rat has returned to about control values. 


(a) Diaphragm from glucose-injected rat, 
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(b) Normal rat diaphragm incubated in plasma 
+40 from glucose-injected rat 
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Fig. 2. Effect of intravenous glucose in the rat on the 
glucose uptake in vitro of isolated diaphragm (a), and on 
blood-insulin activity (b). The glucose-injected rats had 
the mean blood-sugar values indicated in (c), at the time 
when the blood was withdrawn and the diaphragm excised. 
In these experiments the results from experimental 
observations at a series of times are compared with three 
for a pooled sample of plasma taken from control animals. 
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DISCUSSION 


The high glucose uptake of diaphragm which is 
removed from the glucose-injected rat and incubated 
in buffer may be most readily explained by assuming 
that insulin secreted by the pancreas is bound to the 
muscle tissue under these conditions and continues 
to exert its customary stimulating effect on glucose 
uptake during the incubation. Stadie, Haugaard & 
Vaughan (1952) have shown that isolated rat 
diaphragm will bind insulin in vitro and that the 
bound insulin is not removed by rinsing the muscle 
in successive changes of buffer. In our experiments 
the elevated glucose uptake was observed after a 
preliminary soaking in buffer for 10 min., a process 
which should almost completely remove free 
insulin. The reduced glucose uptake, in buffer, of 
diaphragm from the glucose-injected animals at 
90 min. (Fig. 1a) and 120 min. (Figs. la and 2a) is 
difficult to explain. Temporary saturation of one or 
more of the mechanisms involved in the uptake, 
utilization and storage of glucose in the diaphragm 
is one possibility. It is interesting, although it may 
be only fortuitous, that the diminution in glucose 
utilization, in buffer, of diaphragm from the 
glucose-injected rat coincides approximately with 
the rise in glucose uptake of the normal rat dia- 
phragm in the presence of plasma from the glucose- 
injected animal. 

It is generally accepted that an elevation of the 
blood glucose results in a rise in the secretion of 
insulin by the pancreas. Anderson & Long (1947), 
using the adrenodemedullated-diabetic-hypophys- 
ectomized rat for the assessment of insulin activity 
(Anderson, Lindner & Sutton, 1947), obtained 
evidence for the secretion of insulin when glucose 
was added to the perfusate of an isolated rat 
pancreas. With the adenalectomized-diabetic- 
hypophysectomized rat, Bornstein (1950) found a 
substantial increase in plasma insulin 2-5 hr. after 
ingestion of glucose by man, and with the isolated 
rat diaphragm for the detection of plasma-insulin 
activity in man Vallance-Owen & Hurlock (1954) 
also usually found an increase 1 hr. after the in- 
gestion of glucose. On the other hand, Perlmutter 
et al. (1952) failed to find evidence for a rise in serum- 
insulin activity under similar conditions in human 
subjects. In fact, their experimental results 
suggest a fall rather than arise. Candela et al. (1954) 
gave glucose intravenously to a dog and found that 
when the blood sugar had returned to a normal 
value the insulin activity of the plasma, measured 
by the isolated diaphragm, was greatly increased. 
They believed that this must result from an 
elevated rate of insulin secretion. Subsequently 
Candela et al. (1955) observed that although the 
blood-insulin activity was raised 5 min. after the 
intravenous injection of glucose into the dog, this 
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rise disappeared at 10 min. but reappeared 15 min. 
after the treatment with glucose. They con- 
cluded that insulin disappeared from the plasma 
at 10 min. because the hormone was taken up by 
the tissues in exerting its effect on the metabolism 
of glucose. 

If, in our experiments, the rise in glucose uptake 
of the normal rat diaphragm in the presence of 
plasma from the glucose-injected animal over that 
in control plasma be taken as indicating a rise in 
insulin content of the plasma, it is clear that a 
greater insulin activity appears in the plasma only 
after the blood sugar has returned to about a normal 
level. The reduction in glucose uptake of normal 
diaphragm in the presence of plasma from glucose- 
injected rats taken shortly after the administration 
of glucose, as compared with the uptake in normal 
plasma, may indicate for the rat a fall in plasma- 
insulin activity below normal in response to a rise 
of blood-sugar level. If this be so, then the simplest 
interpretation of the observations is that, under the 
stimulus of a rise in blood-sugar level, insulin leaves 
the plasma and becomes bound to the tissues of the 
diaphragm of the rat at a site where it can exert 
a physiological effect. But other interpretations 
cannot at present be excluded. It is clear that the 
time at which blood is taken for insulin assay after 
the administration of glucose is of great importance, 
and neglect of this may account for some of the 
mutual discrepancies in the observations of other 
investigators. 


SUMMARY 


1. The isolated rat diaphragm has been used to 
measure the insulin-like activity of plasma from 
rats given glucose intravenously. The activity is 
lower than normal for 30 min. after the injection of 
glucose, and then rises above normal. 

2. The glucose uptake of diaphragm obtained 
from the glucose-injected rats has been simul- 
taneously examined by incubation in glucose- 
containing buffer. The glucose uptake first rises and 
then falls below normal. 

3. A possible interpretation of these results is 
that when the blood glucose rises insulin leaves the 
plasma and becomes bound to the tissues of the 
diaphragm, where it exerts a physiological effect. 
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Some Hormonal Influences on the Glucose Uptake 
of Normal Rat Diaphragm in vitro 


By J. E. WHITNEY* anv F. G. YOUNG 
Department of Biochemistry, University of Cambridge 


(Received 16 January 1957) 


It has been reported that serum from alloxan- 
diabetic rats inhibits the glucose uptake in vitro 
of diaphragm from normal rats (Tuerkischer & 
Wertheimer, 1948). Bornstein & Park (1953) con- 
firmed and extended this observation, showing that 
hypophysectomy of the alloxan-diabetic animal is 
followed by a loss of the inhibitory properties of the 
serum. They have further shown that the simul- 
taneous administration of growth hormone and 
cortisone to the hypophysectomized alloxen-diabetic 
rat results in the reappearance of the inhibitor of 
glucose uptake, although the administration of 
either hormone alone, or the addition of either or 
both hormones to the incubation medium, is without 
effect on the glucose utilization in vitro of the iso- 
lated rat diaphragm. 

The present investigation confirms and extends 
these observations of Bornstein & Park (1953). 


METHODS 


Animals. Serum was prepared from the blood of albino 
rats of an inbred strain weighing 200-300 g. and maintained 
on a stock laboratory diet (Short & Parkes, 1949). Diabetes 
was induced in rats fasting for 2448 hr. by a single intra- 
venous injection of alloxan (45 mg./kg.). The alloxan was 
synthesized in this Laboratory by the method of Hartman & 
Sheppard (1943). Only those animals which had a 24 hr. 
fasting blood-glucose value of at least 250 mg./100 ml. at 
least 3 weeks after the injection of alloxan were used for 
these studies. One group of diabetic rats was subsequently 
hypophysectomized by the parapharyngeal approach and 
used 10 days later for experiment. 
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All serum-donor animals, whether operated, treated or 
control, had free access to water but were without food for 
18-20 hr. before they were used. Each rat was lightly 
anaesthetized with Nembutal, the blood was drawn into 
a syringe from the dorsal aorta, and serum was prepared. 
The glucose content of the serum was determined, and each 
sample was diluted with an equal vol. of buffer (Gey & Gey, 
1936). The final glucose concentration of the diluted serum 
was adjusted to 250 mg./100 ml. by the addition of glucose. 
In what follows the term serum will refer to serum diluted in 
this manner. 

Hormone preparations. Growth hormone was prepared by 
a modification of the method of Wilhelmi, Fishman & 
Russell (1948). For injection the hormone was dissolved in 
0-9 % NaCl at pH 8-5-9-0. 

Procedure. Hypophysectomized alloxan-diabetic rats 
were treated with growth hormone by intraperitoneal 
injection at the rate of 200 yg./rat/day. Cortisone acetate 
was administered as a suspension in 0-9% NaCl by intra- 
peritoneal injection at a rate of 100yg./rat/day. Normal 
rats were treated in one of three different ways. In the first 
experiment growth hormone was given, where indicated, at 
the rate of 2 mg./rat/day and cortisone at the rate of 
1 mg./rat/day, for 3 days. In the second experiment 3 mg. 
of growth hormone and 5 mg. of cortisone/rat/day were 
administered for 3 days. In the third experiment the latter 
dosages of growth hormone and of cortisone were admin- 
istered for 14 days. In all instances the treated serum- 
donors remained without food for 18 hr. after treatment and 
before serum was prepared. Control animals received 
appropriate treatment with 0-9% NaCl. 

Diaphragm tissue was obtained from normal rats weighing 
100-130 g. which had fasted for 18-20 hr. The rats were 
decapitated, the diaphragms quickly and gently excised, 
divided into halves and allowed to soak for 15 min. in buffer 
(Gey & Gey, 1936) containing 250 mg. of glucose/100 ml. 
Each hemidiaphragm was then blotted and transferred to 


a beaker containing 1 ml. of the incubation medium (either 
buffer or the previously prepared serum). The tissues were 
incubated in a Dubnoff metabolic shaker for 90 min. at 37°, 
with a gas phase of O,+CO, (93:7). At the end of the 
incubation the hemidiaphragms were blotted and weighed, 
and the glucose content of each beaker was estimated 
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according to the Somogyi (1952) modification of the Nelson 
method. The difference between the initial and final glucose 
concentrations was used to calculate the glucose uptake of 
the diaphragm in terms of glucose utilized/g. of tissue/hr. 


RESULTS 


Table 1 shows that the glucose uptake of the isolated 
normal rat diaphragm is greater when the diaphragm 
is incubated in normal rat serum than when it is 
incubated in buffer. When serum from hypophys- 
ectomized alloxan-diabetic rats, or from hypophys- 
ectomized alloxan-diabetic rats treated with either 
growth hormone or cortisone, is used as the incu- 
bating medium, the glucose uptake of isolated 
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normal diaphragm is greater than that of similar 
diaphragm tissue incubated in buffer. With serum 
from the hypophysectomized alloxan-diabetic rat 
treated with both growth hormone and cortisone, 
the glucose uptake of the isolated normal diaphragm 
is no greater than that found with buffer. Thus it is 
seen that the glucose uptake with serum from the 
hypophysectomized-diabetic rat treated with both 
hormones is similar to that with diabetic serum, and 
significantly lower than with serum from hypo- 
physectomized alloxan-diabetic animals treated 
with either hormone alone. This is in general agree- 
ment with the observations of Bornstein & Park 
(1953), although our experiments were carried out 
under rather different conditions. 


Table 1. Glucose uptake of normal rat diaphragm in different sera in vitro 


Serum was diluted with an equal vol. of Gey & Gey (1936) buffer. Final glucose conen. of the medium was adjusted to 
250 mg./100 ml. Hypox =hypophysectomized; GH = growth hormone. 


Glucose uptake 


No. of (mg./g. of wet Significance (P) of 
hemidiaphragms diaphragm/hr. ; difference in glucose 
Expt. Origin of serum in each group mean +S.£E.M.) uptake 
A (Buffer) 17 3-21+40-26 A-B <001 
A-D <001 
A-E <001 
B Normal rat 14 4-99 +0-20 A-F <001 
Cc Diabetic rat 13 3-37 40-35 <001 
c-D <001 
C-E <001 
C-F 
D Hypox-diabetic rat 28 5-38 + 0-28 
E Hypox-diabetic rat treated 14 5-09 +0-30 G-B <0-01 
with GH G-D <001 
G-E <001 
G-F <001 
F Hypox-diabetic rat treated 15 4-79 + 0-30 
with cortisone 
G Hypox-diabetic rat treated 28 3-41 +0-22 — 


with GH and cortisone 


Table 2. Glucose uptake of normal rat diaphragm in vitro in sera from normal rats 
treated with growth hormone (GH) or cortisone or both 


Results are expressed as the mean value of the glucose uptake (mg. of glucose/g. wet wt. of diaphragm/hr.) +s.r.M. 


(no. of observations). 


Glucose uptake in serum from rats treated with 
A 


Expt. 

no. Saline Growth hormone (GH) Cortisone GH + cortisone 
GH 2 mg./rat/day, cortisone 1 mg./rat/day, for 3 days 

1 4:32+0-21 (12) 5-09 +0-47 (6) 4-34+0-39 (6) 4-93 +0-27 (12) 


GH 3 mg./rat/day, cortisone 5 mg./rat/day, for 4 days 


to 


4-73 +.0-25 (12) 


5-38 +0-28 (12) 


5-22 +0-28 (6) 5-05-+0-35 (12) 


GH 3 mg./rat/day, cortisone 5 mg./rat/day, for 14 days 


(a) 4580-12 (11) 
(b) 6-1640-19 (11)* 


(a) 4-09-+-0-18 (11) 
(b) 4-94-£0-19 (11)* 


* Tnsulin (0-1 unit/ml.) was added to serum. 
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Table 3. Fasting serum-glucose values of the rats 
used in Expts. 1-3 (Table 2) 


Serum glucose (mg./100 ml.) of 
animals treated with 


A 


Growth 
Expt hormone GH+ 
no. Saline (GH)  Cortisone cortisone 
1 87 80 107 74 
2 79 84 129 90 
3 93 _ — 82 


Table 2 shows the glucose uptake of diaphragms 
from normal rats, incubated in serum from normal 
intact rats which had been treated with either growth 
hormone or cortisone or with both hormones 
simultaneously. In Table 3 are shown the average 
blood-sugar levels of the donors of the serum for 
these experiments. In the first and second experi- 
ments (Table 2) there is no significant difference 
between the glucose uptakes of diaphragms in the 
presence of serum from normal untreated rats, from 
normal rats treated with either cortisone or growth 
hormone or from normal rats receiving both hor- 
mones simultaneously. Nevertheless, in Expt. 3 
(Table 2), involving a longer period of treatment 
with both hormones, the glucose uptake of the rat 
diaphragm incubated in serum from normal rats 
treated with growth hormone and cortisone is 
significantly lower (P<0-05) than that observed 
with serum from normal untreated animals. In this 
experiment the ability of insulin, added in vitro, to 
stimulate glucose uptake was only about one-half of 
that observed in the presence of serum from control 
rats (Table 2, Expt. 3). 

The fasting blood sugar of the serum-donor 
animals which were treated with growth hormone 
or cortisone or both was not markedly elevated 
(Table 3). 


DISCUSSION 


The failure of serum from the alloxan-diabetic rat 
to promote the glucose uptake of the isolated 
normal rat diaphragm is unlikely to be due to a 
deficiency of insulin alone. Since the ability of the 
serum from the alloxan-diabetic rat is restored by 
hypophysectomy the failure of the diabetic serum 
to promote the uptake of glucose is likely to result 
at least in part from the presence of an inhibitor of 
glucose uptake which disappears after hypophys- 
ectomy. In the absence of evidence to the contrary 
it may be tentatively assumed that the inhibitor of 
glucose uptake which appears in the serum of 
hypophysectomized alloxan-diabetic rats when 
these animals are treated with both growth hormone 
and cortisone is identical with that in the serum of 
alloxan-diabetic rats. 
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No depression of glucose uptake is seen with the 
serum of normal rats when these are treated with 
both growth hormone and cortisone unless the 


treatment is continued for 14 days (Table 2). Even — 


then the depression is small, although it is statistic- 
ally significant in our experiments. The depression 
of glucose uptake seen in these experiments may well 
be due to the appearance in the serum of an inhibitor 
of the type considered above. 

It has been reported that the simultaneous ad- 


ministration of corticotropin and growth hormone | 


(Engel, Viau, Coggin & Lynn, 1952), or cortisone 
and growth hormone (Bogdonoff, Scherr, Lister, 
Owen & Engel, 1955), induces diabetes in normal 
rats force-fed with a high-carbohydrate diet. In our 
experiments no diabetes had been induced in normal 
rats by the injection of either growth hormone or 
cortisone or both, as judged by the fasting blood- 
sugar values 18 hr. after the last injection. How- 
ever, it should be emphasized that in these experi- 
ments the animals were fed a stock diet ad lib. and 
blood sugars were determined after a fast of 18 hr., 
in contrast with the experiments of Engel e¢ al. 
(1952) and Bogdonoff et al. (1955). 

Our results with hypophysectomized-diabetic 
rats agree with those of Bornstein & Park (1953). 
The mechanism of action of the supposed inhibitor 
remains obscure and a discussion of the possible 
mechanisms involved is not at present of value. 


SUMMARY 


1. When normal rat diaphragm is incubated with 
serum from hypophysectomized-diabetic rats the 
glucose uptake is: (a) greater than in the presence 
of serum from diabetic rats; (6) similar to that 
with serum from hypophysectomized-diabetic rats 
treated with either growth hormone or cortisone; 
(c) greater than that with serum from hypo- 
physectomized-diabetic rats treated with growth 
hormone and cortisone simultaneously. 

2. When normal rat diaphragm is incubated with 
serum from normal rats treated with growth 
hormone and cortisone simultaneously for 14 days, 
the glucose uptake in vitro is slightly but signifi- 
cantly lower than that observed with diaphragm in 
normal rat serum. 

3. These results are compatible with the view 
that there is present in the serum of diabetic rats an 
inhibitor of glucose uptake by diaphragm tissue, 
the presence of which depends upon the availability 
of both growth hormone and cortisone or related 
substances. This inhibitor can appear in the serum 
of the normal rat treated with both growth hormone 
and cortisone. 

We are grateful to Dr H. B. Stewart for generous supplies 
of the alloxan used, and to the Medical Research Council 
for an expenses grant to one of us (F.G.Y.). 
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Metabolism and Metabolic Response to Electrical Pulses in 
White Matter from the Central Nervous System 
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Department of Biochemistry, Institute of Psychiatry (British Postgraduate Medical Federation, 
University of London), Maudsley Hospital, London, S.E. 5 


(Received 4 January 1957) 


The greater part of electrophysiological and meta- 
bolic work on the peripheral nervous system has 
been carried out with medullated fibres, as these 
preponderate in convenient samples such as the 
sciatic nerve. On the other hand, most observations 
on the central nervous system are with grey matter, 
probably because this preponderates in the cerebral 
cortex and is most active metabolically. Present 
observations aim at linking these two types of 
study by examining cerebral white matter. An 
opportunity likely to be afforded by cerebral white 
matter rather than by grey is the possibility of 
observing phenomena related to transmission along 
fibre tracts some millimetres in length. For 
electrical stimulation in directions related to fibre 
tracts sheets of white matter were desired, and in 
small animals these were found most conveniently 
in the subcortical white matter, with which most of 
the present studies have accordingly been made. 
Parts of the brain stem, medulla and thalamus have 
also been included. 

Aprerequisite was to know which substrates would 
maintain respiration, the level of phosphocreatine 
and the respiratory response to electrical pulses in 
the separated tissue, especially as peripheral nerve is 
suspected of differing from the cerebral cortex in 
this respect. A variety of different substrates have 
therefore been studied with white matter in the 
way in which grey matter had previously been 
examined (Kratzing, 1953). 


EXPERIMENTAL 


Media and tissues. Media were those employed by 


Kratzing (1953), all containing 2-75 mm-CaCl,, and glycyl- 
glycine as the main buffer at pH 7-4. Tissues were prepared 
from the brain of guinea pigs as sheets by cutting with a 
blade and guide (McIlwain, 1951), grey matter 0-35 mm. and 


white matter 0-4mm. in thickness. Subcortical white 
matter was obtained by exposing the lateral ventricle, 
placing the guide upon it and cutting and floating the slice 
toa dish of medium. It was here inspected and any portions 
of grey matter were cut off. Normally, however, it contained 
little grey matter, and white matter was left on the uncut 
portion of the hemisphere. This uncut portion was inverted 
and the slices of grey matter were cut from it. Medulla was 
taken from the ventral surface of the lower part of the 
brain just posterior to the pons; two successive slices 
parallel to the outer surface were cut and were visibly 
different from each other in structure. In a few observations 
with thalamus and midbrain (at the level of the anterior 
colliculi), these were chopped in the machine of McIlwain & 
Buddle (1953) at 0-35 mm. intervals. Sciatic nerve, also 
from the guinea pig, was freed from its outer sheath and 
adherent fat. 

In a given experiment, tissues from two or three different 
parts were compared in their behaviour towards a chosen 
substrate. From one animal were obtained six or eight 
specimens of cerebral cortex, and two specimens of the 
other parts named above. In most experiments tissues 
from one guinea pig were prepared in the order: subcortical 
white matter, grey matter of the cerebral cortex, and 
medulla; these specimens were trimmed to rectangles about 
40-50 mg. in weight which fitted grid electrodes H used in 
vessels A (Ayres & McIlwain, 1953). All specimens of these 
tissues were placed in electrodes whether or not they were to 
receive pulses. Electrical condenser pulses were from the 
generator of Ayres & Mcllwain (1953), at 100/sec., peak 
potential 10v, and time constant 0-4 msec. 

Determinations. Respiration was determined mano- 
metrically by conventional procedures. At the end of 
experiments 1 ml. of the fluid was taken for determination 
of lactic acid according to Barker & Summersen (1941). 

In the experiments in which tissue content of phosphates 
was to be determined (Table 3), the procedure after making 
manometric measurements was as follows. A vessel was 
removed from the thermostat, its electrode holder carrying 
the tissue was rapidly removed to a shallow dish of medium 
and opened, and the tissue lifted on a mounted bent wire; 
it was drained from medium for 1 sec. against the dish, 
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transferred to 1 ml. of 5% (w/v) trichloroacetic acid (in a @ 3h 
centrifuge tube kept in ice-water) and ground with a 140F du 
plunger. This was done rapidly so that the tissue was (a) / (M 
ground 20 sec. after removing the vessel from the thermo- 120 ries 
stat. A duplicate slice was then removed in the same way 
and added to the same tube. Other tissues were successively _100F _ 
placed in other tubes. The plungers were washed into the eg sell 
tubes with 1 ml. of ice-cold trichloroacetic acid, the contents 2 gor ] 
of the tubes mixed and after 5 min. centrifuged at —5°. a me 
Determination of inorganic and phosphocreatine phosphate vo 60k qué 
was completed as described by Heald (1954). FA | (Te 
40+ res 
RESULTS 3 glu 
Respiration and glycolysis by co) 20r- the 
In the absence of added substrate, subcortical S 80 (b) I 
white matter of the guinea pig respired at a lower = tine 
rate than did grey matter (Fig. 1). The rate fell with 60F cau 
time, reaching about half its original value in 2 hr. ; use 
this is a smaller fall than in grey matter. Glucose 40r- 
prevented this fall and also gave higher initial 
values, of about 28 umoles of O,/g./hr. Comparable 
values were found in medulla, whereas the respira- 
tory rates of thalamus and midbrain approximated 0 20 4 60 80 100 120 140 . 
to those of the cerebral cortex (Table 1). Sciatic Time (min.): 
Fig. 1. Respiration of slices from guinea-pig brain. @, 
substrate, accumulation of lactic acid occurred with Grey matter of the cerebral cortex; O, subcortical white 
each tissue. Values are included in Table 1, and with matter. Curves: (a) with 10 mm-glucose as substrate; 
cerebral cortex, averaging some 25ymoles of (b) with no substrate. Points are mean values from several | _(,,, 
lactate/g./hr. during an experiment lasting for experiments. 
Table 1. Respiration and formation of lactic acid by different parts of the brain, and by sciatic nerve 
Approx. 50 mg. of tissue was incubated in 3-5 ml. of oxygenated phosphate media with the additions described below. 
Respiratory rates were derived from graphs such as those of Fig. 1, and are followed by standard deviations. 
Lactic acid 
Respiratory rate (umoles of O,/g./hr.) formed 
Substrate for period (min.) (umoles/g./ Sub 
conen. No. of r A ~ expt. of 
Tissue (mm) expts. 0-40 40-80 80-120 135 min.) 
Guinea-pig tissues 
Cerebral cortex 4 49+8 19+4 
Subcortical white matter None 6 3142 2344 1745 
Medulla 6 22+5 18+4 1743 642 
Cerebral cortex 6 59+5 59 59 70+3 
Subcortical white matter [s 29+6 29 29 5248 
Medulla k Gl 10 6 3345 33 33 5348 
Thalamus 6 5444 54 56 434 3t 
Midbrain | le 60+4 60 59 4444+ 
Sciatic nerve 4 8+1 8 9 641} Med 
Subcortical white matter 4 3146 26+2 1642 8+4 
Medulla } Citrate (20) {4 2545 2043 1443 441 
Rabbit tissues 
Cerebral cortex 7 47 +6* 47* 3144 
Subcortical white matters (10) 162 16* 2443 
Human tissues 
Cerebral cortex 6 41+5 42 40 22+6 
Subcortical white Glucose (10) 25-46 25 24 2145 
* Values during periods of 50 min.; the lactic acid results refer to periods of 115 min. 
+ Lactic acid during 150 min. 
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3hr., are comparable with previous observations; 
during this period the rate of formation falls 
(McIlwain & Grinyer, 1950). Accumulation of 
lactate with subcortical white matter and medulla 
was only a little less than with cerebral cortex; 
sciatic nerve, again, was much less active. 

Reactions of the subcortical white matter and 
medulla to substrates other than glucose were 
qualitatively similar to those of grey matter 
(Tables 1 and 2). Thus pyruvate permitted stable 
respiratory rates comparable with those with 
glucose ; rates with succinate, glutamate and citrate, 
though initially high, fell in 2 hr. Values with acetate 
were not significantly different from those in the 
absence of added substrate. 

Electrical pulses applied to the different cerebral 
tissues, during in vitro experiments, in each case 
caused increase of respiration when glucose was 
used as substrate. As with grey matter, the increase 


CEREBRAL WHITE MATTER 


653 
was 70-100 % of the original rates. With subcortical 
white matter and medulla, pyruvate also supported 
the increase in respiration, which did not, however, 
occur in the absence of substrate nor with succinate 
or acetate or glutamate (Table 2; Fig. 2). With 
glutamate, a small increase of doubtful significance 
was observed in each case. 


Inorganic phosphate and phosphocreatine 

Cerebral white matter has been found capable of 
maintaining defined phosphocreatine concentrations 
during in vitro metabolism (Table 3). In samples 
both of subcortical white matter and of medulla, 
the levels of a phosphate derivative of the lability of 
phosphocreatine, were about two-thirds of those 
reached in the cerebral cortex, with glucose as 
substrate. Without substrate, little resynthesis 
occurred; with glutamate levels again were low in 
white as in grey matter. Confirmation that the 


Table 2. Respiration and respiratory response to electrical pulses by different tissues from the guinea pig 


Expts. are as in Table 1 and Fig. 2. Values obtained during the application of electrical pulses are in bold type. 


Substrate 
conen. 
(mm) 
None 4 
Glucose (10) 
Succinate (20) 


Tissue 
Cerebral cortex 


Glutamate (20) 
Acetate (20) 


Subecortical white matter None 


rr WwW WwW 


Glucose (10) 
Succinate (20) 


Glutamate (20) 
Acetate (20) 


Pyruvate (20) 


ww am 


Medulla 


bo 


None 


bo 


Glucose (10) 
Succinate (20) 


Glutamate (20) 
Pyruvate (20) 


Acetate (20) 


Cw ww am 


Increase in 
respiration caused 
by applied pulses 


Respiratory rate 
(umoles of O,/g./hr.) 
for period (min.) 


0-40 40-90 90-130 % P 
4544 3647 1047 
5745 100+9 5745 7% 
7646 6145 4549 
68 +6 66+10 45410 0 
6446 58+6 4444 it 
7349 6348 47+6 0 
3348 1648 1343 
3846 1343 0 som 
2643 1942 13+41 
2441 19+5 1244 0 
2845 50+4 2243 77 <0-001 
4249 3643 2245 
3644 36 +6 22+6 2 0-9 
3446 2945 2245 
3244 3742 26-45 16 0-2-0-3 
2544 1746 1246 
19+7 846 0 
2841 28+1 2841 
3045 59+6 3045 97 <0-001 
32 20 4 
28 21 18 0 ne 
3144 5145 3144 65 <0-001 
5144 46 +6 4143 0 
2743 2743 18+1 
3243 3547 3043 9 0-5-0-7 
3143 5343 3143 71 0-01-0-02 
33-44 3344 3344 
3547 2549 1644 
3448 25-45 1645 0 
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Table 3. Inorganic phosphate and phosphocreatine in guinea-pig cerebral tissue 


Tissues were incubated in electrodes in oxygenated media for 60 min., during which their respiratory rates were measured _ 
and found to have values within the limits of those recorded in Tables 1 and 2. Pulses when used were applied for the t 
terminal 30 min. of the experiment. Tissues were then rapidly fixed for phosphate determinations. Values are followed | 


by s.D. 


Time (min.) 
Fig. 2. Respiration of slices from guinea-pig brain showing 
the effect of pulses applied at 10v, 100/sec. and 0-4 msec. 


increased respiration and glycolysis lowered the 
level of phosphocreatine and increased that of 
inorganic phosphate. Comparable changes were not 


Inorganic phosphate Phosphocreatine 
Substrate (umoles/g.) (umole/g.) 
concen. No. of A — | 
Tissue (mm) expts. No pulses With pulses No pulses With pulses 
Cerebral cortex None 3 6-4 +18 6-03 +0-81 0-33+0-138 0-41+40-09 | 
Glucose (10) 6 2-84+0-24 3-63 40-18 1-32 +.0-22 0-6640-18 | 
Glutamate (20) 4 4404062 5594034 —0-49.0:06 0-494.008 | 
Subcortical white matter None 3 5-31+0-99 5-70 +0-93 0-37 +0-32 0-4140-04 
Glucose (10) 6 3-91 40-53 4:26+0-15 0-93 +-0-15 0-68-4007 | 
Glutamate (20) 4 5-75+0-79 5-77 +.0-08 0-52 +.0-05 0-54+0-01 
Medulla None 3 5:80+0-75 510+0-88  0-28+0-1 0-27+0-1 
Glucose (10) 6 3-33 0-44 3°39 + 0-56 0-85 + 0-56 0-40 +0-17 
a 
200 Table 4. Phosphates and creatine in preparations 
180 from guinea-pig subcortical white matter 
Slices of white matter were incubated as described in 
2160 Table 3. 
8 Barium salts insoluble in 
Ethanol 
3 2 Water A 
2 120 (umoles of (umole of (umole of 
3 Substrate phosphate/g.) phosphate/g.) creatine/g.) 
Glucose 2-5 0-83 0-87 
ne 2-01 0-83 0-84 
» 80 2-4 0-93 0-95 
rs Glutamate 6-0 0-20 0-24 
& 60 48 0-29 0-31 
40 
The phosphates of white matter respiring in the | 
20 presence of glucose proved susceptible to applied 
0 3 electrical pulses (Table 3). Both in subcortical 
1 4 white matter and in medulla the pulses which 
0 20 40 60 80 100 120 140 
) 


time constant, during the period indicated by arrows. 
Points are mean values from several experiments. Curves 
(a), cerebral grey matter; values in the ordinates have 
been increased by 20 pmoles/g. for clarity in the diagram. 
Curves (b), subcortical white matter. @, Unstimulated 
respiration ; O, respiration with pulses. 


labile phosphate was indeed phosphocreatine was 
obtained by the precipitation of its barium salt, and 
determination in the precipitate of both creatine 
and labile phosphate. These were present in 
equimolar amounts (Table 4), when either glucose 
or glutamate was used as substrate. With these two 
substrates very different quantities of inorganic 
phosphate were found in the tissue ; with glutamate, 
levels up to 6 yzmoles/g. were found, a phenomenon 
comparable with that occurring in cerebral grey 
matter. 


observed when glutamate was present in the place 
of glucose. 


DISCUSSION 


In characteristics now measured, different parts of 
the brain have proved to differ in a quantitative 
rather than qualitative fashion. Medulla and sub- 
cortical white matter showed about half the 
respiratory rate of cerebral cortex, but all were | 
alike in the proportional increase induced electric- 
ally, and in the substrates supporting the response. 
Glucose and pyruvate were effective and succinate 
and acetate were not, and the small response with 
glutamate now observed in white matter has been 
paralleled in grey matter under some circumstances 
(Greengard & MclIlwain, unpublished; Kratzing, 

1956), though it is not exhibited in the present | 
results. The white matter now examined was also | 
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similar to grey in its resynthesis of phosphocreatine 
in vitro when provided with oxygen and glucose; 
glutamate again was much less effective. Thus with 
white matter also, circumstances supporting phos- 
phocreatine and respiratory response to pulses are 
correlated. 

That cerebral white matter shows much higher 
respiratory and glycolytic rates than sciatic nerve is 
presumably related to the quantity of connective 
tissue in the peripheral nerve. Relationships 
between the metabolic activities of grey and of 
white matter in the brain, as exhibited in the present 
work or in that of Lowry et al. (1954), can largely be 
explained by regarding white matter as similar to 
grey, apart from ‘dilution’ by metabolically less- 
active lipids of the myelin. Scope remains, how- 
ever, for many differences in the level of individual 
enzymes in grey and white matter (see, for example, 
Naidoo & Pratt, 1951, 1952); data relevant to their 
allocation to different cell types are discussed by 
Brierley & McIlwain (1957). 


SUMMARY 


1. Subcortical white matter of the guinea pig, 
rabbit and man was capable of respiration and 
glycolysis in ordinary glucose salines at one-half to 
two-thirds of the rates found in the cerebral cortex. 
Under these conditions the guinea-pig subcortical 
white matter resynthesized phosphocreatine to a 
level of about 0-9 pmole/g. 

2. In maintaining respiration glucose was re- 
placeable by pyruvate; with succinate and glut- 
amate (but not with acetate and citrate) respiratory 
rates were greater than in the absence of added 
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substrate, but decreased with time. Glutamate did 
not, however, support resynthesis of phospho- 
creatine. 

3. Respiration, glycolysis and phosphocreatine 
formation maintained by glucose responded to 
application of electrical pulses to the tissue. 
Pyruvate also permitted response but other sub- 
strates examined were ineffective in this respect. 

4. Certain of these characteristics were examined 
also in tissues from the medulla, thalamus, midbrain 
and sciatic nerve. 


We are greatly indebted to the Board of Governors of the 
Bethlem Royal Hospital and the Maudsley Hospital for 
allocation of research funds in support of these studies; and 
to Mr Murray Falconer, Guy’s—Maudsley Neurosurgical 
Unit, for specimens of human cerebral tissues. 
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The Composition of Isolated Cerebral Tissue: Purines 


By J. THOMAS* 
Department of Biochemistry, Institute of Psychiatry (British Postgraduate Medical Federation, 
University of London), Maudsley Hospital, London, S.E. 5 


(Received 4 January 1957) 


In previous studies (McIlwain, Thomas & Bell, 
1956; Thomas, 1956) it was shown that the com- 
position of isolated cerebral tissues differed appreci- 
ably from that in vivo, but that the composition in 
vitro could be in part restored by specific additions 
to fluids in which the tissue was incubated. An 
attempt has now been made to maintain higher 
levels of nucleotides in cerebral slices respiring in 
media fortified with precursors of nucleotides. 

* Present address: Lister Institute of Preventive 
Medicine, Chelsea Bridge Road, London, 8.W. 1. 


EXPERIMENTAL 
Tissues 


Rapid fixation of brain. The procedure adopted was that 
described by Kratzing & Narayanaswami (1953), liquid 
nitrogen being used. About 500 mg. of frozen powdered 
brain was weighed in a tube containing 10 ml. of 10% (w/v) 
trichloroacetic acid and homogenized. 

Preparation of tissue and medium for metabolism. Six 
slices each of about 100 mg. wet wt. were cut from the 
cerebral cortex of a guinea pig. The slices were suspended in 
glucose—phosphate medium made according to Rodnight & 
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MclIlwain (1954) and respiration was measured mano- as described above. Before applying chromatography it was 


metrically. 

Extraction of tissue. On completion of metabolic experi- 
ments slices were rinsed quickly in saline; two slices were 
taken together and homogenized in 3 ml. of 10% (w/v) 
trichloroacetic acid at — 5°. After being centrifuged at — 5° 
the supernatant (A) was decanted and kept cold. 


Separation and estimation of nucleotides, 
nucleosides and free purines 


Initial separation was based on the method of Kerr & 
Seraidarian (1945a). This gave three final fractions, each of 
which was chromatographed on paper, and after elution the 
individual purines were estimated by measurement at their 
absorption peaks. 

Removal of nucleotides. The pH of the supernatant (A) was 
adjusted to 8-0 with 40% (w/v) NaOH, made slightly acid 
with a drop of 10% acetic acid and treated with 0-12 ml. of 
8% (w/v) uranyl acetate. The nucleotide—uranium pre- 
cipitate was separated by centrifuging, washed with 1 ml. of 
diluted acidified uranium reagent and the washings were 
combined with the supernatant (B). 

Precipitation of free purines. At this stage it was found 
convenient to remove the uranium from the supernatant 
(B). This was done by adding 40 % (w/v) NaOH to give a pH 
of 8-0, followed by a drop of 10% acetic acid. The uranium 
precipitate was centrifuged off, resuspended in 1 ml. of 
n-H,SO, and reprecipitated by making alkaline, the wash- 
ings being added to the supernatant. Free purines were 
separated from the nucleosides in the supernatant by adding 
0-25 ml. of N-H,SO, to give a pH of 2-0, followed by 0-2 ml. 
of m-AgNO,. After standing in the cold for 30 min. the 
purine-silver complex was removed by centrifuging, washed 
twice with water and the first washings were combined with 
the supernatant (C). 

Removal of nucleosides. By adjusting the supernatant (C) 
to pH 8-0 with alkali it was possible to precipitate the 
nucleoside-silver complex. After centrifuging, the pre- 
cipitate was washed twice with water. 

Extraction of purines from purine-silver complex. The 
complex was suspended in 3 ml. of N-HCl and heated in a 
boiling-water bath for 1 hr. After cooling and centrifuging 
the clear solution was decanted. The residue was re- 
extracted with 1 ml. of N-HCl and the washings were added 
to the supernatant. 

Extraction of purines from nucleotide—uranium precipitate. 
This was achieved by boiling in 3 ml. of n-H,SO, for 1 hr. 
After cooling, the uranium was removed by making alkaline 


necessary to purify the purines by reprecipitating with acid 
AgNO, as described above. The purine-silver complex was 
disrupted by boiling in n-HCl. 

Extraction of purines from nucleoside—silver precipitate. 
After boiling in 3 ml. of n-H,SO, for 1 hr. and cooling, the 
free purines were removed by acid AgNO, and extracted in 
boiling N-HCl. 

Chromatographic separation and estimation of purines. The 
three final fractions containing free purines in Nn-HCl, 
derived from the nucleotide, nucleoside and free purine 
extracts of brain, were evaporated to dryness. The residues 
were taken up in small volumes of HCl, applied as spots to 
a sheet of Whatman no. | filter paper and run by the 
descending method in an aqueous solution of propan-2-ol 
and HCl made up according to the instructions of Wyatt 
(1951). For good resolution of a mixture of adenine, guanine 
and hypoxanthine it was necessary to run the solvent for 
2-3 days. After the chromatograms had been dried the 
position of the purines was located under an ultraviolet 
lamp. The disks of paper were cut out and eluted with 4 ml. 
of n-HCI in a test tube. Suitable blanks for paper were 
obtained by cutting out spots of equal size from a free ‘lane’ 
immediately adjoining that carrying the purine. After 
standing overnight, the eluates were read at the absorp- 
tion peaks on a Uvispek spectrophotometer. In n-H(l 
pure specimens of adenine, hypoxanthine and guanine 
absorbed maximally at wavelengths of 262, 250 and 
245 mp respectively. Standards were run and soluticas 
of pure substances submitted to the above procedure gave 
recoveries of 96-100%. 


RESULTS 


Rapid fixation of guinea-pig brain gave a value of 
2-95 umoles of adenine nucleotides/g. of tissue 
(Table 1), a figure which agreed with that of 
Kratzing & Narayanaswami (1953), who used a 
different method of assay. The presence of guanine 
and hypoxanthine nucleotides was suggested by 
Kerr (1942) and in later work definitely established 
by Kerr & Seraidarian (19456). The present study, 
with chromatographic methods, gave greater 
opportunity of detecting a variety of compounds, 
but the only nucleoside detected was adenosine at 
0-3 umole/g. of tissue. Of the free purines only 
hypoxanthine was found at 0-1 pmole/g. of tissue. 


Table 1. Results from guinea-pig brain handled in the frozen state throughout and from slices fixed 
immediately after cutting from guinea-pig cerebral cortex 


Results are expressed in pmole/g. of tissue + standard deviations, with number of observations from different animals in 
parenthesis. Animals from which the frozen brains were obtained had been dropped intact into liquid nitrogen. 


Nucleotides Nucleosides Free purine 
(umoles/g. of tissue) (umole/g. of tissue) (umole/g. of tissue) 
Preparation Hypo- ypo- ‘ ypo- 
of tissue Adenine xanthine Guanine Adenine xanthine Guanine Adenine xanthine Guanine 

Frozen intact brain 2-954 0-65 + 0 0 0 O-1+ 0 
0-12 (3) 0-01 (3) 0-11 (3) 0-05 (3) 0-01 (3) 

Slices fixed after cutting 1-64+ O-l+ 0-38 + 0-75 + 0-20+ 0 0 0-2+ 0 
0-1 (6) 0-05 (6) 0-05 (6) 0-2 (6) 0-05 (6) 0-01 (6) 
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The time taken before fixation of slices cut from 
cerebral cortex caused a marked reduction in the 
concentrations of nucleotides (Table 1). This loss 
was accompanied by an increase in adenosine, 
inosine and free hypoxanthine. 

In further studies most attention was paid to 
nucleotides. When slices were incubated in oxy- 
genated medium containing glucose, adenine and 
guanine nucleotides were maintained at levels of 
0:89 and 0-17 pmole/g. of wet tissue respectively 
(Table 2). The value for adenine nucleotides was 
a little higher than that obtained by Kratzing & 
Narayanaswami (1953), a medium buffered with 
glycylglycine and an enzymic method of estimation 
being used. The difference between the in vivo and 
the in vitro values represents a considerable loss of 
nucleotides, and therefore attempts were made to 


Table 2. Levels of adenine and guanine nucleotides 
in slices incubated in supplemented saline 


Slices were incubated at 37-5° for 100 min. in 3-5 ml. of 
oxygenated medium in manometric vessels with NaOH 
and paper in the centre well. The additional materials 
quoted were present in medium to which slices were added. 
Results are expressed in pmoles/g. of wet tissue, followed 
by standard deviations and the number of observations 
from different animals in parenthesis. With no additions to 
medium no nucleosides were detected in slices but hypo- 
xanthine was at 0-1. The added purines and nucleosides 
were all assimilated by slices from medium at a concentra- 
tion of about 0-4 umole/g. of wet tissue. 


PURINES AND CEREBRAL TISSUES 


Nucleotides 
Additions to (umoles/g. of wet tissue) 
medium 
(mm) Adenine Guanine 
None 0-89 +0-03 (6) 0-17 +0-02 (6) 
Adenine (0-85) 1-01+0-02 (3) 0-15+0-01 (3) 


Hypoxanthine (0-8) 


Guanine (0-75) 
Adenosine (1) 


0-86 +0-02 (3) 
0-87 +0-03 (3) 
1-27+0-01 (4) 


0-14 +0-02 (3) 
0-19+0-01 (3) 
0-18-+40-01 (4) 


Tnosine (1) 1-13+0-02 (3) 0-18 +0-01 (3) 
Guanosine (0-75) 0-88 +0-03 (4) 0-21+0-01 (4) 
Creatine (1) 0-85 + 0-03 (3) 0-16 +0-02 (3) 
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increase their synthesis in slices by adding nucleo- 
tide precursors to the suspending medium at con- 
centrations very much greater than the physio- 
logical ones (Table 2). In rabbit’s blood no nucleo- 
tides were detected and the only free purine present 
was adenine, at 0-01 mm (A. McCoubrey, private 
communication). Of the materials used, the free 
purines adenine and hypoxanthine, at 1 mm con- 
centrations, although found to be assimilated by 
slices from the medium to the extent of 0-4 wmole/g. 
of wet tissue, had little effect on the adenine nucleo- 
tide concentration, adenine producing a slight 
increase. Slices were also able to take up 0-4 »mole 
of guanine/g. of wet tissue from the medium, but the 
level of guanine nucleotide was hardly affected. 
With added nucleosides greater success was ob- 
tained. Adenosine made available to tissue at 1 mm 
concentration caused a raising of adenine nucleotide 
from 0-89 to 1-27 umoles/g. of wet tissue. Inosine, 
although not so efficient as adenosine, maintained 
a level of 1-13 pmoles/g. wet wt. Slices were able 
also to increase their content of guanine nucleotide 
from 0-17 to 0-21 pmole/g. wet wt. when guanosine 
was present in the medium. About 0-4ymole of 
these nucleosides/g. of wet tissue was incorporated 
into slices from the medium, illustrating a greater 
availability for resynthesis of nucleotides from 
added nucleosides. 

A previous study (Thomas, 1956) has shown that 
slices can take up creatine from media when incu- 
bated under good metabolic conditions. This 
assimilation of creatine was associated with a 
marked accumulation of resynthesized energy-rich 
phosphate in the form of phosphocreatine. Under 
the same conditions added creatine alone had no 
effect upon the resynthesis of nucleotides (Table 2), 
but if it was present with adenosine and guanosine 
there was an increased resynthesis of nucleotides 
(Table 3). After 3 hr. incubation figures of 1-56 and 
0-27 pmoles/g. of wet tissue were obtained for 
adenine and guanine nucleotides respectively. 


Table 3. Effect of time of incubation on cont 


t of ad 


ine and g ine nucleotides of slices 


in contact with a mixture of adenosine, guanosine and creatine 


Slices were incubated in oxygenated medium at 37-5° in vessels with NaOH and paper in the centre well, and removed at 
different times. A mixture of adenosine, guanosine and creatine each at a final concn. of 1 mm was added to the medium. 
Control experiments without additions were run for the same periods of time. Results are given in zmole/g. of wet tissue 
followed by the number of observations on different animals in parentheses. When two values are quoted they refer to 


different animals. 


Incubation No addition to medium 
(umoles/g. of wet tissue) 

time A 

(min.) Adenine Guanine 
25 0-91, 0-90 0-18, 0-17 
40 0-92, 0-91 0-18, 0-19 

100 0-94, 0-93 0-18, 0-18 

180 1-08, 1-06 0-19, 0-18 


42 


Addition to medium 
(umoles/g. of wet tissue) 
A 


Guanine 


0-17 +0-02 (3) 
0-21+0-01 (3) 
0-25+0-01 (3) 
0-27 +0-01 (3) 


Adenine 
0-92-+.0-02 (3) 
1-20 (3) 
1-37 40-04 (3) 
1-56 0-05 (3) 
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DISCUSSION immersed in liquid nitrogen were 2-95, 0:65 and | 


The rapid loss of energy-rich phosphates from the 
guinea-pig brain after death is not accompanied by 
a comparably large loss of total purines; some 80% 
of the original quantity remains in the tissue (see 
Kerr & Seraidarian, 19456; MclIlwain, 1955). 
However, during typical metabolic experiments 
with sliced tissue still further purine derivatives are 
lost, presumably to fluids in which the slices are 
incubated. As energy-rich phosphates are known to 
play an important part in cerebral tissues it is 
valuable to in vitro studies to attempt to maintain 
concentrations approaching those in the living 
animal. Incubation of cerebral slices in simple 
oxygenated glucose-containing medium permits 
appreciable resynthesis of phosphocreatine and 
adenosine triphosphate, but levels remain below 
those observed in vivo (McIlwain, 1951, 1955). With 
phosphocreatine, loss of the hydrolytic products to 
the medium largely accounts for this depletion in 
studies in vitro. When more creatine is made 
available to respiring slices there is increased 
resynthesis of phosphocreatine (Thomas, 1956). 
With nucleotides the picture has now proved to be 
similar. Although free purines themselves have 
little effect on resynthesis of nucleotides, when they 
are present in the form of adenosine and guanosine 
in the medium there is a higher content in the 
corresponding cerebral nucleotide. A combination 
of creatine, adenosine and guanosine added to 
medium produced the highest resynthesis of the 
energy-rich phosphates of creatine, adenosine and 
guanosine. The extreme rapidity of decomposition 
of these compounds is in direct contrast with their 
gradual formation by respiring slices. The same 
effect was obtained by Le Baron (1955) and 
Mcllwain & Tresize (1956) in investigations on the 
resynthesis of glycogen, maximum glycogen being 
obtained after 3 hr. incubation. 

These findings emphasize the presence and main- 
tenance in cerebral tissues of simple guanine 
derivatives, which are attracting attention from 
other points of view (Sanadi, Gibson & Ayengar, 
1954; Keller & Zamecnik, 1956). 


SUMMARY 


1. Levels of adenine, guanine and hypoxanthine 
nucleotides in the whole brains of guinea pigs 


0-1 pmoles/g. of tissue respectively. Adenosine was 
at 0-3 and hypoxanthine at 0-1 pmole/g. of tissue. 

2. Cortex slices fixed immediately gave 1-64, 0-38 
and 0-1 pmoles/g. of tissue for adenine, guanine and 
hypoxanthine nucleotides respectively. Adenosine 
was at 0-75, inosine at 0-2 and hypoxanthine at 
0-2 pmole/g. of tissue. 

3. Slices incubated in oxygenated  glucose- 
containing medium maintained adenine and guanine 
nucleotides at 0-89 and 0-17 pmole/g. of wet tissue 
respectively. 

4. Additions of adenine, guanine, hypoxanthine 
and creatine at 1mm to the medium had little 
effect on nucleotide content of incubated slices. 

- 5. Slices respiring in medium containing | mm- 
adenosine raised adenine nucleotides to 1-27 and 
added guanosine increased guanine nucleotide to 
0-21 pmole/g. of wet tissue. 

6. In a mixture of adenosine, guanosine and 
creatine at 1 mM in medium, 1-56 and 0-27 ymoles of 
adenine and guanine nucleotides/g. of wet tissue 
were resynthesized in slices incubated for 3 hr. 


I wish to thank Professor McIlwain for suggesting this 
investigation and for his continued encouragement and 
advice. My thanks are also due to Mr A. McCoubrey for 
helpful discussions on the method of estimation of purines. 
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The Incorporation of Phosphate into Cerebral Phosphoprotein 
Promoted by Electrical Impulses 
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(Received 4 January 1957) 


It has been shown (Heald, 195656) in cerebral slices 
that during the rapid breakdown of phosphocreatine, 
brought about by brief passage of electrical pulses 
(see Heald, 1954), there is an increased exchange 
of phosphate between the phosphates soluble in 
trichloroacetic acid and those in the insoluble 
residue. Thus in cerebral slices which had been 
allowed to metabolize radioactive inorganic phos- 
phate for a brief period, electrical pulses applied for 
only 10 sec. caused a decrease in the specific radio- 
activity of both phosphocreatine and the y-phos- 
phate of adenosine triphosphate, and an increase in 
the specific radioactivity of the phosphorus of the 
tissue residue remaining after removal of the 
phosphates soluble in trichloroacetic acid. It was 
suggested that these changes could be resonably 
interpreted upon the basis of a cyclic transfer of 
phosphate between phosphocreatine, adenosine 
triphosphate and some unknown tissue phosphate 
or phosphates. 

This paper describes experiments implicating a 
phosphoprotein fraction in such an exchange. An 
account of this work was presented to the Bio- 
chemical Society in November 1956 (Heald, 1957). 


MATERIALS AND METHODS 


Tissues and media. Slices of cerebral cortex from the 
guinea pig were cut and prepared as described by Heald, 
(19564), with the media described in that paper. The slices 
were held and incubated in the rapid-transfer apparatus of 
Heald & McIlwain (1956) under the conditions described by 
Heald (1956, b). Thus the slices were incubated in a glucose- 
containing medium buffered with 2-amino-2-hydroxy- 
methylpropane-1:3-diol (tris) for 30min. and then for 
precisely 3 min. in the presence of radioactive phosphate 
(carrier free). They were washed for 10 sec. in medium, and 
re-incubated for a further 2 min. in a fresh medium before 
fixing in ice-cold 10 % (w/v) trichloroacetic acid. 

When electrical pulses were applied they were switched on 
10 sec. before the tissue was fixed. In such experiments 
slices from one cerebral hemisphere formed the controls for 
slices from the other cerebral hemisphere. 

Electrical-condenser pulses. These were applied from the 
apparatus of Ayres & McIlwain (1953) at a frequency of 
50 cyc./sec., a peak potential of 18v and a duration of 
0-4 msec. being used. 


Radioactive phosphorus was obtained as carrier-free 
orthophosphoric acid, and was treated as described by 
Heald (1956a) before use. 


Treatment of the tissue after incubation 


After incubation, the slices (about 500-800 mg. total wet 
wt.) were fixed in 10% (w/v) trichloroacetic acid (5 ml./ 
100 mg. of slices) and ground to a fine suspension in a small 
glass tube with a fitting pestle. The suspension was then 
centrifuged at 20000g for 10min. in the superspeed 
attachment of the MSE Major centrifuge at -5°. The 
residues were further fractionated by a method essentially 
similar to that of Strickland (1952). Residues were washed 
five times with 5 % (w/v) trichloroacetic acid to remove the 
bulk of the adsorbed radioactive phosphate, and then 
extracted twice, by trituration for a few minutes with 5 or 
6 vol. of CHCl,—methanol (2:1, v/v) at 0° to remove most of 
the phospholipids. Samples of this extract were taken for 
the determination of total phosphorus and radioactivity. 
The residue from the phospholipid extraction was treated 
for 5 min. at room temperature with 1 ml. of 10M-urea, 
and then with 2 ml. of a saturated solution of NaCl which 
had been further saturated at boiling point with (NH,),SO, 
and cooled. The mixture was heated at 100° for 1 min., and 
cooled and centrifuged, the supernatants being retained. 
The residue was re-extracted three times at 100° for 1 min., 
with the saturated salt solution containing 15% (w/v) urea. 
The supernatants were combined and 1 ml. of saturated 
CuSO, solution was added to precipitate the nucleic acids. 
After standing overnight at 2°, the precipitate was centri- 
fuged and digested for the determination of total phosphorus 
and radioactivity. This procedure for extraction of the 
nucleic acids is essentially that of Hammarsten (1947) and is 
stated (cf. Strickland, 1952) to remove almost all the nucleic 
acids from a tissue. 

After extraction of the nucleic acids, the tissue residue 
was digested with 5 ml. of N-KOH at 37-5° for 18 hr., when 
almost all dissolved. To the solution 0-2 vol. of 6N-HCl and 
0-5 vol. of 10 % (w/v) trichloroacetic acid were added and the 
precipitate was centrifuged and washed in 2N-HCl. This 
precipitate was digested for the determination of total 
phosphorus and radioactivity and constituted the ‘acid 
precipitable’ fraction. 

A sample of the acid-soluble supernatant was digested for 
the determination of total phosphorus and a further sample 
used for the determination of inorganic phosphorus, pre- 
sumed to arise from phosphoprotein (Logan, Mannel & 
Rossiter, 1952). The difference between these two determi- 
nations gave a value for the residual phosphorus. 
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Analytical methods removed from the tissue residues by seven washings 
with trichloroacetic acid containing inactive carrier 
phosphate. Similar results were reported by Ennor 
& Rosenberg (1954) with liver. These results are in 
contrast with those of Davidson et al. (1951) who 


Inorganic phosphate. This was estimated by the method 
of Berenblum & Chain (1938) as modified by Long (1943). 
Total phosphorus. This was estimated by digestion of 
appropriate samples with the sulphuric acid—perchloric acid 
mixture of Hanes & Isherwood (1949). After hydrolysis of 
any pyrophosphate present (see Heald, 1956a) orthophos- 
phate was estimated as described above. 

Units. The specific radioactivity of a phosphate is defined 
as counts/min./ug. of phosphorus. The relative specific 
radioactivity is defined as counts/min./yg. relative to the 
specific radioactivity of the original incubation medium. 
This latter was not maintained within fairly narrow limits as 
previously described (Heald, 19565), but in each experiment 
the average was taken of the specific radioactivities of the 
media used for control and experimental tissues. In any one 
experiment the difference in specific radioactivity between 
the control and experimental media was usually so small as 
to be almost negligible. 


an 


RESULTS 


Removal of contaminating radioactive phosphate. 
When radioactive phosphate of high specific radio- 
activity is used, the problem of contamination of 
tissue residues with traces of adsorbed phosphate 
can assume considerable proportions (Davidson, 
Frazer & Hutchison, 1951), and it was considered 
desirable to try to remove as much contaminating 0 1 2 3 4 5 
material as possible before attempting to fractionate No. of extractions 

the tissue residues. Strickland (1952, 1954), using Fig. 1. Quantities of phosphorus in successive trichloro- 
cat cerebral tissue both in vivo and in vitro, found acetic acid extracts of guinea-pig cerebral slices. The 
that radioactive inorganic phosphate could be different symbols refer to individual experiments. 


Phosphorus (umoles/g. wet wt. of tissue) 


Table 1. Removal of added radioactive phosphate from tissue treated with trichloroacetic acid 
by washing with 10 % (w/v) trichloroacetic acid 


Generally, 300-400 mg. of tissue was precipitated with trichloroacetic acid (10% w/v) containing carrier-free *P, and 
the residue re-extracted with 3 ml. portions of trichloroacetic acid. All operations were at 0°. 


Counts/min. 
my 
Extract 
Expt. A Tissue 
no. 1 2 3 4 5 residue 
1 10 216 597 55 0:3 6-0 22-0 
2 9 987 607 40 3-0 0-0 31-0 
3 6 965 405 35 15-0 4-0 —_ 
4 7372 437 53 54 0-0 — 


Table 2. Absence of radioactivity in various cerebral tissue fractions after 
washing the tissue residue with trichloroacetic acid 


Conditions were as described in Methods and Table 1. The expts. correspond to those in Table 1. 


Fraction counted 
Expt. Acid- Phospho- 
no. Phospholipids Nucleic acids _ precipitable protein Residual 
1 19-0 2-0 1-0 0 1-0 
2 32-0 0-0 0-0 0 0-0 
3 _ a 0 0 0-0 
4 0 0 0-0 
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were unable to remove traces of radioactive phos- 
phate from tissue residues even after fifty extrac- 
tions with trichloroacetic acid. 

It was found that guinea-pig cerebral slices, when 
precipitated with trichloroacetic acid containing 
radioactive phosphate, could be washed free of 
radioactivity by five consecutive washings with 
fresh precipitant (Table 1). The counts remaining in 
the fourth and fifth washes were so low as to be of 
little significance. Determination of the specific 
radioactivity of the total phosphate extracted by 
such successive extraction showed that this pro- 
gressively decreased, though here the low values in 
the fourth and fifth extracts are subject to error 
because of the low counts present (see Table 1). 
Since appreciable quantities of phosphorus were 
present even in the last few extracts (Fig. 1), these 
results were taken to mean that continued tri- 
chloroacetic acid extraction causes a slow break- 
down of some phosphorus-containing material. 
Consequently the number of extractions was 
limited to five. Fractionation of the tissue residue 
to yield the phospholipid, nucleic acid ‘and phos- 
phoprotein fractions showed that here also (Table 2), 
as expected from the results in Table 1, little if any 
radioactivity could be detected in these fractions 
(cf. Ennor & Rosenberg, 1954). If anything such 
contamination as did occur was in the phospholipid 
fraction. 

The quantities of radioactive phosphate em- 
ployed here were those which had previously been 
found in trichloroacetic acid extracts of some 300- 
400 mg. of tissue after incubating as described above 
in the presence of 5—6 »c of *2P for each 100 mg. of 
slices. Consequently, on the basis of these results it 
was considered that, provided the amounts of radio- 
active phosphate added to the medium were kept 
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within these limits, physical contamination of 
any tissue fraction by inorganic phosphate from 
the medium was not likely to cause appreciable 


error. 


Metabolic incorporation of radioactive phosphate 
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in the presence and absence of electrical pulses 


The incorporation of phosphate into the phos- 
pholipids and non-phospholipids of cerebral slices 
was first studied to see which major fraction in- 
creased in radioactivity on passage of pulses. The 
results of nine such experiments presented in 
Table 3 showed quite clearly that the change taking 
place occurred in the non-phospholipid fraction. It 
is to be noted, however, that the phospholipid 
fraction contains some ten times more phosphorus 
than does the non-phospholipid fraction, namely 
60 and 6-7 pmoles of phosphorus/g. wet wt. of tissue 
respectively. On this basis it can be calculated that 
the total amount of radioactivity incorporated into 
the phospholipid fraction was between 30 and 50% 
of the total incorporated into the residue. 

Further fractionation of the non-phospholipid 
fraction revealed that the increase in activity 
occurred solely in the phosphorus of the ‘phospho- 
protein’ fraction (Table 4), at a high degree of 
significance. Incorporation into the nucleic acid 
fraction was small and variable, as was incorpora- 
tion into the acid-precipitable fraction and the 
residual fraction. This latter fraction showed greater 
variability than any other, and probably reflects the 
errors in the determination of total phosphorus and 
specific radioactivity of this fraction combined with 
the errors in determination of the phosphoprotein 
fraction. These latter, however, should be small, 
since the precision of the method of inorganic 
phosphate determination used is high. 


Table 3. Distribution of radioactive phosphate between tissue phospholipids and residual phosphates 


in the presence and absence of electrical pulses 


Tissues were precipitated with trichloroacetic acid (10%, w/v) and the residue was extracted with CHCl,—methanol 
(2:1, v/v) as described in Methods. Pulses were applied to one sample of tissue in each experiment, peak voltage 18v, 
duration 0-4-0-5 msec., frequency 50 cyc./sec. Different amounts of carrier-free radioactive phosphate were used for each 


experiment. 
Specific radioactivity of phosphate 
CHCI,—methanol extract Residue 
With Without With Without 
Expt. pulses pulses pulses pulses 
no (1) (2 (1) ~( (3) (4) (3) — (4) : 

1 0-25 0-55 — 0-30 15-0 11-0 +40 
2 1-13 1-60 —0-47 11-7 13-7 -2:0 
3 2-6 1-20 +1-40 51-0 33-8 +17-2 
0-37 0-30 +0-07 75 5-9 +16 
5 1-02 1-00 +0-02 14-5 12-8 +1-7 
6 0-75 0-52 +0-23 13-3 7-55 +5°75 
7 0-32 0-22 +0-10 8-05 8-20 -—0-15 
8 0-84 1-13 — 0-29 14-50 10-30 +4-20 
9 0-55 0-36 +0-19 4-90 4-10 +08 


57 
ngs : 
rier 
nor 
yin 
joro- 
The 


662 


0-4 msec. Values given are relative specific radioactivities. 
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Table 4. Effect of electrical pulses upon the distribution of radioactive phosphorus in various cerebral fractions 
Tissues were fractionated as described in Methods. Pulses, condenser pulses, 50 cyc./sec., peak potential 18v, duration 
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differences 


Fraction 
A 
Nucleic acids Acid-precipitable Phosphoprotein Residual 
Expt. With Without ° ‘With Without With Without ‘With Without 

no. pulses pulses Diff. pulses pulses pulses pulses Diff. pulses pulses Diff. 
1 0-93 0-62 +031 3-8 2-7 +1-1 12-5 17-3 - 48 40 4-2 —0-2 
2 0-90 1-31 -0-41 10-5 13-6 -3-1 36-0 37-0 - 10 4:8 54 -0-6 
3 2-02 2-80 -0-78 17-5 8-4 +71 77-0 34:6 +32-4 6-9 _— — 
4 0-79 0-40 +0-39 0-84 1-23 0-39 48-0 32-0 +16-0 _ 
5 3-22 1-03 +219 4-75 25 +2-19 72-0 50-0 +220 _ 
6 6-60 4-90 +1-70 96-0 73-0 +23-0 6-50 4-95 +1-55 
7 9-5 10-0 -0-5 2-9 —_ _— 74:5 59-5 +20-0 3-76 10-0 — 6-24 
8 3-74 6-6 — 2-96 6-95 4-92 +2-03 33-8 23-2 +106 13-6 16-7 -31 

Significance of the P=0-5-0-7 P=0-2-0-1 P=0-01-0-001 P=0:3-0-2 


Table 5. Distribution of phosphorus and radioactivity in various fractions of cerebral tissues of guinea pig 


Guinea-pig cerebral slices were incubated in a medium containing glucose and radioactive phosphate before fractionation. 
For details see Methods. Values are given+s.E.M. Figures in parentheses indicate the number of determinations. 


Phosphorus 
Radioactivity (umoles/g. wet 
Average in the various wt. in cat 
Phosphate fraction Phosphorus specific fractions cerebral fractions) 
estimated (umoles/g. wet wt. of tissue) radioactivity (% of total) (Strickland, 1952) 
Phospholipid 58-3 +1-90 (6) 0-76 35-6 
Nucleic acid 1-45+0-1 (13) 4:5 5-2 4-19 
Acid-insoluble phosphorus 1-23 +0-12 (12) 6-4 65 0:3 
Phosphoprotein fraction 1-16+0:1 (12) 40-8 38-0 0-9 
Residual phosphorus 3-11 +0-39 (10) 6-0 14-7 6-30 


In Table 5 are shown the quantities of phos- 
phorus present in the individual fractions, together 
with the percentage distribution of radioactivity 
between these fractions. These latter values were 
calculated from the average specific radioactivity of 
each fraction determined in experiments in which 
slices were not subject to pulses. Also presented for 
comparison are the phosphate levels in similar 
fractions of cat cerebral slices calculated from the 
data of Strickland (1952). The most outstanding 
point is that the phospholipid and phosphoprotein 
fractions between them account for 73 % of the total 
radioactivity incorporated, very little appearing 
elsewhere. 


DISCUSSION 


It has been found that in cerebral tissue subjected 
to electrical pulses in the presence of radioactive 
phosphate, there is a marked increase, averaging 
60%, in the radioactivity of the phosphorus con- 
sidered to be derived from phosphoprotein. This 
change took place within 10 sec. of applying pulses 
and, assuming that all the phosphorus of this 
fraction is exchanged at least once within this 
period, occurs at a minimum rate of 400 wmoles/g. 


wet wt. of tissue/hr. The levels of phosphorus in this 
fraction did not change significantly during the 
passage of pulses. Thus the levels+s.E.M. were: 
with pulses, 1-17 + 0-1 pmoles of phosphorus/g. wet 
wt.; without pulses, 1-16+0-lymoles of phos- 
phorus/g. wet wt. These values show that the 
increase in radioactivity in response to pulses 
represents a metabolic exchange, in keeping with | 
the suggested role of such a phosphate in a cyclic- 
transfer reaction. Since it has been shown (Heald, 
1954) that phosphocreatine, also proposed as part 
of the transfer system, is metabolized at a rate of 
1200-1400 pmoles/g. wet wt./hr., in response to 
pulses, the rate of 400 zmoles of phosphorus/g./hr. 
quoted above for the phosphoprotein fraction would 
need to be increased by a factor of 3 or 4 if this 
fraction is indeed a major component of the system. 

Assessment of this possibility is rendered difficult 
since analysis of cerebral tissues for phosphates 
other than those extracted by acid denaturants has so 
far been confined to separation into ill-defined groups 
(see Heald, in preparation) and information regarding 
the nature of cerebral phosphoprotein is almost 
totally lacking. Indeed, apart from McGregor 
(1916), who isolated from brain a protein fraction 
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containing non-dialysable phosphorus, the majority 
of workers have analysed cerebral tissues for 
phosphoprotein by determination of the inorganic 
phosphate liberated from the tissue on alkaline 
digestion. In view of the complexity of cerebral 
acid-insoluble phosphates (see Sloane-Stanley, 
1952; Rossiter, 1955), it is not unlikely that there 
are present in brain several compounds of high 
molecular weight, capable of yielding inorganic 
phosphate upon mild alkaline hydrolysis. Recently 
the view has been expressed (Engelhardt & Lissov- 
skaya, 1953; Findlay, Strickland & Rossiter, 1954) 
that the phosphorus of cerebral phosphoprotein is in 
fact the phosphorus of enzyme-substrate complexes, 
though as yet no evidence for this has been put 
forward. 

Inspite of these limitations, it seems reasonable to 
suppose that analytical figures derived from a 
standard procedure should be capable of com- 
parison, and on this basis it appears permissible to 
compare the metabolic activity of the phospho- 
protein fraction found in this work with the results 
of other workers. It seems well established 
(Strickland, 1952, 1954; Johnson & Albert, 1953; 
Engelhardt & Lissovskaya, 1953; Lissovskaya, 
1954) that the incorporation into cerebral phos- 
phoprotein either im vivo or in vitro proceeds at a 
rate greater than that found for any other group of 
acid-insoluble tissue phosphates. This incorporation 
is dependent upon metabolically derived energy. 
Since these experiments were carried out over 
periods of a few hours, rates of incorporation are 
not comparable with those found above. However, 
itis clear that the phosphorus of the phosphoprotein 
fraction must turn over many times more rapidly 
than that of other groups of phosphates. It is of 
interest that Vladimirov (1953), in a review article, 
stated that in vivo the rate of turnover of cerebral 
phosphoprotein is at least equal to the rate of 
turnover of adenosine triphosphate and phospho- 
creatine, and was increased when the animal was 
convulsed either by electric shock or by camphor. 
In this respect Vladimirov’s results compare with 
those described here in vitro and would imply that 
cerebral phosphoprotein is involved in some major 
metabolic role as yet not understood. 


SUMMARY 


1. It has been shown that application of electrical 
pulses to guinea-pig cerebral slices metabolizing 
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radioactive phosphate results in an increase in 
activity of the phosphoprotein phosphorus. No 
other group of tissue components insoluble in 
trichloroacetic acid showed such a change. 

2. The change occurs within 10 sec. and proceeds 
at a minimal rate of 400 umoles/g. wet wt. of tissue/ 
hr. 

3. The results are discussed in relation to 
cerebral phosphoprotein metabolism. 


It is a pleasure to thank Professor H. McIlwain for his 
interest and comments during the course of this work and 
Dr M. Assael for translations of the Russian literature. 
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The possibility that certain types of urinary steroid 
conjugates might be selectively hydrolysed by 
boiling the urine at a neutral pH was first suggested 
by the work of Speirs, Wragg, Bonner & Homburger 
(1951), in which it was shown that chloroform- 
extractable material, active in the mouse-eosinophil 
test of Speirs & Meyer (1951), could be liberated in 
urines by this method from patients treated with 
adrenocorticotrophic hormone. Further attention 
was drawn to this possibility by the demonstration 
of Teich, Rogers, Lieberman, Engel & Davies (1953) 
that sodium dehydroepiandrosterone (3f8-hydroxy- 
androst-5-en-17-one) sulphate can be hydrolysed in 
neutral aqueous solution with the production of 
i-androstanolone (6 B-hydroxy-3:5-cycloandrostan- 
17-one) by continuous extraction with benzene at 
an elevated temperature (see also Dingemanse, 
Huis in’t Veld & Hartogh-Katz, 1952). 

In following up this possibility the present 
authors found (unpublished observations) that the 
amounts of formaldehydogenic substances ex- 
tracted by chloroform from urines of normal men 
could be increased two- to three-fold by boiling the 
urines at pH 7 for 30 min. before extraction. The 
original object of the present work was the isolation 
and identification of the formaldehydogenic sub- 
stances liberated in this way. This object has not 
been achieved, but the work has led to the isolation 
and characterization of a C,,-steroid, not hitherto 
known to occur naturally, which has been shown to 
be a metabolic product of dehydroepiandrosterone. 


RESULTS 


Paper-chromatographic investigation of chloroform- 
extractable reducing substances formed in urine by 
boiling 
Detection of substances X and Y. The possibility 

was considered at the outset that the chloroform- 

extractable formaldehydogenic substances liber- 
ated by boiling of neutral urine might be C,, «- 
ketolic ‘reducing’ steroids. Accordingly, it was 
decided to examine chloroform extracts of boiled 
urine by paper-chromatographic methods using 
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The Isolation of 16«-Hydroxydehydroepiandrosterone (38:16a- 
Dihydroxyandrost-5-en-17-one) from the Urine of Normal Men 
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‘blue tetrazolium’ 
phenyl)-5-phenyltetrazolium chloride] for the de- 
tection of reducing substances. 

Samples of urine from normal men, a few of which 
were pre-extracted with chloroform, were boiled for 
60 min. and extracted with chloroform. In some of 
the earlier experiments the urine was adjusted to 
pH 7-0 before boiling, but in later ones this was not 
done. The extracts were purified by the procedures 
described in detail below, and then chromato- 
graphed on paper. 

The chromatograms of the extracts of the boiled 
urines, whether pre-extracted with chloroform or 
not, invariably showed the presence of two b!ue- 
tetrazolium-reducing spots, that with the higher R, 
(substance X) being more intense than the second 
spot (substance Y). The R, values for these sub- 
stances in the solvent systems used compared with 
the R, value of standard compound 17z:21- 
dihydroxypregn-4-ene-3:20-dione (11-deoxycorti- 
sol) are shown in the table. The presence of these 
two reducing substances was in no instance detected 
on the chromatograms of extracts obtained from 
unboiled urines. 


Conversion of X into substance Xa by treatment with 
acid: preliminary observations on the natures of 
X and Xa 


Extracts of boiled urine were separated into non- 
ketonic and ketonic fractions by reaction with 
Girard’s reagent T at room temperature in meth- 
anolic acetic acid solution. Paper chromatograms on 
the non-ketonic fractions showed no blue-tetra- 
zolium-reducing spots, while those on the ketonic 
fractions showed a single spot with an R, of about 
0-28 in system B, (Bush, 1952) which was consider- 
ably more intense than the spot due to substance Y 
in the unfractionated extracts. These findings 


Table 1 
Ry value in 
R, valuein modified system 
system B, of B, of Bush 
Substance Bush (1952) (1952) 
x 0-48 0-70 


= 0-28 0-57 
11-Deoxycortisol 0-37 0-66 
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suggested the possibility that, under the acid 
conditions of the Girard reaction, X had become 
transformed into another substance (Xa) which 
resembled Y in its behaviour on chromatography. 
Proof that this was the case was obtained when it 
was found that X, after purification by paper 
chromatography, became transformed into Xa 
(R, 0-29 in system B,) by allowing it to stand for 
60 min. at room temperature in 0-1N-H,SO, in 
10% (v/v) methanol in water. Since the R, of 
chromatographically purified Y was unaffected by 
this treatment it seems probable that Xa and Y may 
be identical, but no rigid proof that this is so has been 
obtained. 

The liberation of X from a chloroform-insoluble 
precursor in urine by boiling and the transformation 
by acid treatment of X into Xa (with higher R,) 
appeared to be strikingly analogous to the hydro- 
lysis of sodium dehydroepiandrosterone sulphate 
by boiling in neutral aqueous solution with the 
formation of 7-androstanolone and the transforma- 
tion of the latter into dehydroepiandrosterone by 
acid (Teich et al. 1953). Accordingly, the working 
hypothesis was adopted that Xa might be a steroid 
of the 5-en-3f-ol class, that X might be the corre- 
sponding 68-hydroxy-3:5-cyclo compound, and that 
the parent substance present in urine might be the 
3-sulphate of Xa. Support for this hypothesis was 
provided by the finding that chromatographically 
purified Xa, but not X, was precipitated by digi- 
tonin. Furthermore, Xa gave a positive reaction in 
the Pettenkofer test as modified by Munson, Jones, 
McCall & Gallagher (1948). 


Isolation and identification of Xa 


At this stage of the work it was still assumed that 
Xa, because of its blue-tetrazolium-reducing 
power, must be a C,, steroid with an «-ketolic side 
chain. On the basis of the evidence outlined in the 
preceding section and in view of the chromato- 
graphic behaviour of the compound it was con- 
sidered that it might be a monohydroxy or a mono- 
oxo substitution product of 38:21-dihydroxypregn- 
5-en-20-one. However, owing to the difficulty of 
obtaining reference samples of more than a few 
steroids of this class for comparison by paper 
chromatography it was decided that there was no 
satisfactory alternative to isolation and character- 
ization of Xa by orthodox methods. 

Concentrates rich in X were obtained from chloro- 
form extracts of boiled urine from normal men by 
conventional solvent-partition procedures followed 
by adsorption chromatography on magnesium tri- 
silicate—Celite columns. Ketonic fractions obtained 
from such concentrates by means of the Girard 
reaction carried out at room temperature were then 
subjected to partition chromatography on Celite 
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columns. From the fractions so obtained which 
were found to contain Xa by paper chromatography 
crystalline material in a yield of 5-15 mg./100 1. of 
urine was obtained. 

The crystalline substance, when applied to paper 
and sprayed with blue tetrazolium, was found to 
have only about one-tenth of the reducing power of 
11-deoxycortisol, and since elementary analyses 
indicated the probable formula C,,H,,0, it was 
thought at first that the substance might be a non- 
reducing Cy, steroid containing about 10% of Xa 
as impurity. However, when it was found that 
the reducing power remained undiminished after 
repeated recrystallization, that the substance 
yielded a diacetate which showed reducing power 
after recrystallization, and that oxidation with 
periodic acid yielded no significant amount of 
formaldehyde, it was concluded that the isolated 
substance was identical with Xa and must be a 
weakly reducing C,, steroid with an «-ketol group in 
rings C or D. In this connexion it should be pointed 
out that when the blue-tetrazolium test was carried 
out in solution according to Mader & Buck (1952) 
Xa was found to have 42 % of the reducing power of 
11-deoxycortisol. 

The most likely possibilities were that Xa was 
either a 16-hydroxy-17-oxo steroid or a 17-hydroxy- 
16-oxo steroid. Of these two possibilities the second 
seemed to be excluded by reason of the fact that Xa 
had [a], +12° (ethanol), since all 17-hydroxy-16- 
oxo steroids so far examined have been found to be 
laevorotatory. Support for the view that Xa was 
a 16-hydroxy-17-oxo steroid rather than a 17- 
hydroxy-16-oxo steroid was obtained when it was 
found that whereas 16-oxo-oestradiol-178 (3:17£- 
dihydroxyoestra-1:3:5-trien-16-one) had the same 
reducing power as 11-deoxycortisol in the blue- 
tetrazolium test of Mader & Buck (1952) 16«- 
hydroxyandrost-4-ene-3:17-dione (Fried, Thoma, 
Perlman, Herz & Borman, 1955) had a considerably 
weaker reducing power. 

All the available evidence therefore indicated that 
Xa was probably either 38:16«-dihydroxyandrost- 
5-en-17-one or 3f:168-dihydroxyandrost-5-en-17- 
one. Evidence for the presence of a double bond was 
obtained by reduction in acetic acid solution with 
hydrogen and a palladium-black catalyst when Xa 
took up 0-97 molar equivalent of hydrogen. When 
a platinum oxide catalyst was used the hydrogen 
uptake was 1-94 molar equivalents. 

Since catalytic hydrogenation of 17-oxo steroids 
gives predominantly the corresponding 
hydroxy compounds (cf. Ruzicka, Goldberg & 
Meyer, 1935; Sarett, 1947) it was assumed that the 
fully reduced product yielded by Xa would be 
either 5«-androstane-38:16«:178-triol or 5«-andro- 
stane-38:168:17B-trio| However the possibility 
could not be ignored that reduction of a 17-oxo 
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group in Xa might give, in addition, an appreciable 
amount of the corresponding 17«-hydroxy isomer in 
either case. Accordingly, the product was treated 
with an acetone solution of hydrogen chloride to 
convert the 38:16a:17«-triol or 38:168:17£-triol, 
which might be present as minor or major com- 
ponents respectively of the reduction product, into 
the acetone derivative. Fractionation of the re- 
action product by leaching with benzene showed 
that the major component was benzene-insoluble 
and was therefore assumed to be material which had 
not undergone formation of the acetone derivative. 
This material yielded an acetate, m.p. 172—174-5°, 
and the melting point was not depressed after ad- 
mixture with authentic 5«-androstane-3 8:16«:17 B- 
triol triacetate. Furthermore, the infrared spectra 
of the acetate of the Xa reduction product and 5a- 
androstane-38:16«:178-triol triacetate were identi- 
eal. Since the possibility of Xa containing a 16-oxo 
group had been excluded it follows that the identi- 
fication of the main component of the Xa reduction 
product as 5a-androstane-38:16«:17B-triol pro- 
vides proof that Xa is 38:16«-dihydroxyandrost- 
5-en-17-one. 


Urinary excretion of X and Y after the ad- 
ministration of dehydroepiandrosterone to a human 
subject 


The subject was a woman, aged 45 years, with 
carcinoma of the breast who had been treated by 
bilateral ovariectomy and bilateral adrenalectomy. 
She was being maintained on 25 mg. of cortisone 
acetate/day and occasional doses of deoxycortico- 
sterone trimethylacetate. 

Complete 24 hr. urine specimens were collected 
during a 2-day control period. Dehydroepiandro- 
sterone (100 mg.) was then administered by intra- 
muscular injection, and the urine collections con- 
tinued for 4 further days. Portions of each urine 
specimen were boiled and extracted as described 
under Experimental, and the extracts examined by 
paper chromatography for the presence of sub- 
stances X and Y. 

Neither X nor Y was detected in the extracts of 
the control urines, but both were found to be present 
in those of the urines collected on the day of the 
injection and on the following day. On the sub- 
sequent 2 days neither X nor Y could be detected in 
the extracts. In view of these findings there can be 
no doubt that both X and Y were produced as 
metabolic products of the administered dehydroepi- 
androsterone. 

As far as could be judged by visual inspection of 
the intensities of the spots on the chromatograms it 
is considered that about 2% of the administered 
dehydroepiandrosterone was excreted in the urine 
as X and Y. 
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Methods 


Preparation of urine extracts for paper chromatography. 
Each 24 hr. urine specimen was heated to boiling for 1 hr., 
cooled and then extracted twice with 2 vol. of CHCl,. In the 
earlier experiments the pH of each urine specimen was 
adjusted to pH 7-0 before boiling, but in all subsequent ones 
the urine was boiled without pH adjustment. In a few 
experiments the urine specimen was pre-extracted with 
2 vol. of CHCl, before boiling. 

The combined CHCl, extracts were washed twice with 
0-1 vol. of 0-1N-NaOH and twice with 0-1 vol. of water, 
dried over anhydrous Na,SO, and evaporated to dryness 
under reduced pressure. The residue thus obtained was 
dissolved in 14 ml. of methanol, and the solution diluted with 
6 ml. of water and extracted once with 20 ml. of hexane. 
The hexane extract was back-extracted with 20 ml. of 70% 
(v/v) aqueous methanol, and the combined aqueous 
methanol phases were evaporated under reduced pressure to 
about 10 ml. After dilution to about 30 ml. with water the 
aqueous residue was extracted once with 50 ml. of ether, and 
the extract dried over anhydrous Na,SO, and evaporated to 
dryness. 

Paper-chromatographic methods. The solvent systems 
used were system B, (Bush, 1952) and a modification of the 
Bush (1952) system (benzene—methanol-—water; 
10:7:3, by vol.). Amounts of the extracts, each corre- 
sponding to one-quarter of a 24 hr. urine specimen, were 
applied to Whatman no. 42 paper, and, after equilibration 
in the tanks overnight at 18+2°, the chromatograms were 
developed for 6-8 hr. The papers were sprayed with a 
0-066 % solution of blue tetrazolium in 3-3 % (w/v) NaOH. 

Digitonin precipitation. This was carried out as described 
by Butt, Henly & Morris (1948), with the modification that 
the reaction mixture was heated under reflux for 30 min. 
and the solvent then removed under reduced pressure 
before the ether extraction was carried out. 

Miscellaneous. Melting points were determined on a 
microscope hot-stage and are uncorrected for emergent 
stem. 

Samples for C and H analysis and for optical-rotation 
measurements were dried to constant weight at 80° in vacuo 
over P,O;. 

The solvents and Celite (Celite 535, Johns-Manville Co. 
Ltd., London) used were purified by the methods employed 
by Watson & Marrian (1956). Magnesium trisilicate 
(British Drug Houses Ltd.) was activated by drying over- 
night at 110°. Celite columns for partition chromatography 
were prepared as described by Bauld (1955). 


Isolation of Xa from urine 


In a typical experiment urine from normal men was 
collected in batches of about 201. without preservative. 
Each batch was boiled for 1 hr. without previous adjust- 
ment of pH, and extracted four times with one-tenth volumes 
of CHCI,. The subsequent treatment of the extracts was as 
described above under Preparation of urine extracts for paper 
chromatography, the appropriate volume corrections being 
made for the solvent-partition procedures. The residues 
obtained were stored dry at - 20° until 250 1. of urine had 
been processed. 

The combined residues were chromatographed on a 
column (30 em. x 2-5 em.) containing 60 g. of a mixture of 
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equal parts by weight of magnesium trisilicate and Celite. 
The column was prepared in light petroleum (boiling range 
80-100°), and was eluted with 800 ml. of a mixture of light 
petroleum and ethanol, the ethanol concentration being 
increased in a step-wise discontinuous gradient from 0 to 
5% (v/v). Successive 40 ml. fractions of eluate were col- 
lected, evaporated to dryness, and one two-hundredth of 
each residue was chromatographed on paper. Those frac- 
tions found to contain X were combined, yielding 550 mg. of 
gummy residue. 

The residue was dissolved in 55 ml. of a mixture of equal 
volumes of acetic acid and 90% (v/v) methanol in water, 
and 5-5 g. of Girard’s reagent T was added. After the solu- 
tion had stood overnight at room temperature 10 vol. of ice- 
cold water and 3 vol. of 2-6N-NaOH were added, and the 
non-ketonic fraction was removed by extraction six times 
with equal volumes of CHCl,. The aqueous phase was 
acidified to pH 1 with H,SO, and extracted during 2 hr. six 
times with equal volumes of CHCI,. The combined extracts 
containing the ketonic fraction were washed with 0-1N- 
NaOH soiution and water, dried over anhydrous Na,SO, 
and evaporated to dryness under reduced pressure, yielding 
a residue of 160 mg. 

The ketonic fraction was chromatographed ona column of 
60 g. of Celite, with the partition-solvent system methanol- 
water (80%, v/v)-benzene. Successive 40 ml. fractions of 
eluate were evaporated to dryness and examined for the 
presence of Xa by paper chromatography. Those found to 
contain Xa were combined, yielding 50 mg. of a slightly 
pigmented semicrystalline solid. 

After crystallization three times at — 20° from methanol 
25 mg. of a white crystalline product, m.p. 177—181° (slight 
yellowing) and [a]}®+12° (c, 0-478% in ethanol), was 
obtained (Found: C, 75-1; H, 8-9. Cale. for C,gH,,0,: C, 
75-0; H, 8-9%). 

In the blue-tetrazolium reaction of Mader & Buck (1952) 
the product showed 42 % of the reducing power of 11-deoxy- 
cortisol, and in the modified Pettenkofer reaction of Munson 
etal. (1948) it gave a blue colour having 65 % of the intensity 
of that given by an equal weight of dehydroepiandrosterone. 
On dissolving 100 ug. of Xa in conc. H,SO, (4 ml.) an im- 
mediate mauve colour with green fluorescence was produced, 
and after standing at 24° for 2 hr. the solution showed 
absorption maxima at the following wavelengths, the £} 20, 
values being given in parentheses: 271 mp (196), 378 mp 
(315), 400 mp (309), 560 mp (245) and minima at 250 mp 
(175), 315 mp (163), 390 mp (304), 458 mp (186). 

Acetylation of Xa with acetic anhydride and pyridine at 
room temperature overnight yielded a product which, after 
crystallization three times from methanol, had m.p.166- 
168° and [«]}° + 20° (c, 0-494 % in ethanol) (Found: C, 70-9; 
H, 8-5. Cale. for C, 71-1; H, 83%). Subsequently 
it was found that this m.p. was not depressed after ad- 
mixture of the acetate with authentic 38:16«-dihydroxy- 
androst-5-en-17-one diacetate, m.p. 164-167° (Cooley, 
Ellis, Hartley & Petrow, 1955). 


Characterization of Xa 


Hydrogenation with palladiwm-black catalyst. Xa 
(10-021 mg.) in 4 ml. of acetic acid was shaken with 1 mg. 
of Pd black in an atmosphere of H, in a Towers micro- 
hydrogenation apparatus. After 1 hr. the uptake of H, 
stopped, when 0-97 molar equivalent had been used. The 
product was recovered by adding an excess of CHCl, to the 
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reaction mixture, washing with Na,CO, solution and water, 
drying over anhydrous Na,SO, and evaporating to dryness. 

Hydrogenation with plati: oxide catalyst. Xa (9-854 mg.) 
in 4 ml. of acetic acid was hydrogenated, 1 mg. of Adams 
platinum oxide catalyst being used. The uptake of H, 
stopped after 1 hr., when 1-94 molar equivalents had been 
used. The product was recovered from the reaction mixture 
as described above. 

Identification of the main component of the reduction 
product of Xa as 5a-androstane-3B:16a:17B-triol. The 
partially reduced product from the Pd-black hydrogenation 
was rehydrogenated by using platinum oxide as catalyst, 
and the two specimens of fully reduced Xa were combined. 
This material (16-7 mg.) was treated with 3 ml. of anhydrous 
acetone saturated with HCl, and the solution allowed to 
stand at room temperature for 30 min. Ice-cold water 
(10 vol.) was then added and the insoluble precipitate 
filtered off, washed thoroughly with water, and dried in 
vacuo over CaCl,. The product was then repeatedly leached 
with small volumes of benzene until there was no further 
decrease in weight. 

The benzene-insoluble fraction (9-0 mg.) was acetylated 
with acetic anhydride and anhydrous pyridine at room 
temperature, and the product crystallized twice from 
aqueous methanol. It had m.p. 172-174-5°, and when 
mixed with authentic 5a-androstane-38:16«:17B-triol tri- 
acetate (m.p. 172-174°) the m.p. was unchanged. 


Preparation of authentic 
androstane-3 B:16«:17 B-triol 


Androst-5-ene-3B : 16a:17B-triol. 38:17B-Dihydroxyan- 
drost-5-en-16-one was prepared from dehydroepiandrost- 
erone by the method of Stodola, Kendall & McKenzie (1941), 
and reduced with Na amalgam in ethanol as described by 
Huffman & Lott (1949) for the corresponding 3B-methoxy 
derivative. The product (210 mg.) was subjected to a Girard 
reaction at room temperature and the non-ketonic fraction 
(105 mg.) dissolved in 20 ml. of anhydrous acetone. To the 
solution was added 3 ml. of acetone saturated with HCl, 
and after the mixture had been swirled continuously for 
15 min. the acetone was removed at room temperature 
under a stream of air. The product was leached with benzene 
until no further decrease in weight occurred, to remove the 
acetone derivative of androst-5-ene-38:168:17B-triol. The 
benzene-insoluble fraction (39 mg.) was crystallized twice 
from ethanol to give androst-5-ene-38:16«:17£-triol, m.p. 
266-270° (triacetate, m.p. 187—189°). 

Androstane-3B:16«:17B-triol. The androstenetriol was 
hydrogenated in acetic acid solution with a platinum oxide 
catalyst. The product was crystallized from methanol when 
it had m.p. 251-253° and [«]}® 0-0° (c, 0-495 % in ethanol). 
Marrian & Butler (1944) give m.p. 257-5-259° and [a]? 0-0° 
(in methanol). Acetylation yielded the triacetate, which was 
crystallized from aqueous methanol and had m.p. 172-174°. 
Marrian & Butler (1944) give m.p. 174-176°. 


DISCUSSION 


The most interesting aspect of the isolation of 16«- 
hydroxydehydroepiandrosterone from urine is the 
probability that this compound may be the inter- 
mediate in the metabolic ‘hydration’ of dehydro- 
epiandrosterone to androst-5-ene-3 B:16«:178-triol. 
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Fig. 1. Comparison of the hypothetical scheme proposed for the metabolism in man of dehydroepiandrosterone and 
oestrone to androst-5-ene-38:16a:17B-triol and oestriol respectively. |, Experimentally established reaction; 


hypothetical reaction. 


The last-named compound, first isolated from the 
urine of a boy with an adrenal tumour by Hirsch- 
mann (1943) and subsequently isolated from the 
urine of normal men and women by Marrian & 
Butler (1944), has been shown to be a metabolic 
product of administered dehydroepiandrosterone in 
man (Mason & Kepler, 1947), and can also be formed 
from dehydroepiandrosterone in vitro on incubation 
with rabbit-liver slices (Schneider & Mason, 1948). 
The metabolic reduction of 16«-hydroxydehydro- 
epiandrosterone to androst-5-ene-38:16«:178-triol 
has not yet been demonstrated, but the analogous 
reduction of 16x-hydroxyoestrone to oestriol under 
in vivo conditions in man is now known to occur 
(Brown & Marrian, 1957). 

It is of interest to compare the hypothetical 
scheme for the metabolic formation of androst-5- 
ene-38:162:17f-triol from dehydroepiandrosterone 
proposed here with that put forward by Marrian, 
Watson & Panattoni (1957), Marrian, Loke, Watson 
& Panattoni (1957) and Brown & Marrian (1957) for 
the formation of oestriol from oestrone (see Fig. 1). 
In neither case has complete proof for the correct- 
ness of the proposed scheme been obtained, but it 
can now hardly be doubted that the two triols 
arise by similar metabolic pathways. 


SUMMARY 


1. It has been shown by paper chromatography 
that when urine from normal males is boiled for 
1 hr. at neutral pH and extracted with chloroform 
these extracts contain two ‘blue-tetrazolium’- 
reducing compounds X and Y which are not present 
in extracts of unboiled urine. 

2. By treatment with acid at room temperature 
X was converted into a blue-tetrazolium-reducing 
compound Xa, which had a higher R, than X and 
the same R, as Y. 

3. Xa has been isolated from extracts of urine 
and characterized as the hitherto undescribed 
steroid 16«-hydroxydehydroepiandrosterone. 

4. By analogy with 68-hydroxy-3:5-cycloandro- 
stan-17-one which arises from the hydrolysis 
in neutral solution of dehydroepiandrosterone 
sulphate and which is transformed by acid into 
dehydroepiandrosterone it is considered that 
X is 
formed from the 3f-sulphate of 16«-hydroxyde- 
hydroepiandrosterone. 

5. 16«-Hydroxydehydroepiandrosterone was 
shown to be a metabolite of dehydroepiandroster- 
one, and it is suggested that it is an intermediate in 
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the transformation of dehydroepiandrosterone into 
androst-5-ene-3 B:16«:17 B-triol. 
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The Role of Serum Albumin as a Precursor of the Soluble Tissue Proteins 
and the Serum Globulins of the Rat Bearing Liver Tumours 
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(Received 5 February 1957) 


In a previous paper the evidence for supposing that 
one body protein can be converted into another 
without complete degradation to amino acids was 
reviewed (Askonas, Campbell, Godin & Work, 
1955). In particular, it was shown that peptides for 
synthesis of milk protein are not supplied by partial 
hydrolysis of plasma protein (see also Godin & 
Work, 1956). Since this work was completed, 
Babson & Winnick (1954) have suggested that 
implanted tumours in the rat may derive amino 
acids for the synthesis of tissue proteins by the 
partial breakdown of plasma protein. It was decided 
therefore to study the role of plasma protein for the 
synthesis of tissue protein in an autologous tumour. 

For this purpose a rat bearing liver tumours 
induced by feeding 4-dimethylaminoazobenzene 
was used. The approach was to inject two amino 
acids which were not interconvertible; one of the 
amino acids was injected in the free state and the 


other bound in the form of serum albumin. By a 
comparison of the radioactivity of each amino acid 
in the tissue proteins it was hoped to compare the 
incorporation into the tissues of a free amino acid 
and a protein-bound amino acid under identical 
conditions and to determine whether liver tumour 
differs from liver in this respect. 

The rat bearing liver tumours was injected with 
a solution containing free [14C]Jalanine and serum 
albumin labelled with [!4C]lysine. After 1-5 hr. the 
rat was killed and the radioactivity of alanine and 
lysine in the soluble tissue proteins was determined. 
For the purposes of comparison not only was liver 
and liver tumour studied but also kidney and spleen. 
In order to determine the effect on these radio- 
activity determinations of the presence of un- 
changed radioactive serum albumin, the amount of 
the latter in the tissue extracts was determined 
immunochemically. The influence of variations in 
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the pool sizes of lysine and alanine in the tissues was 
allowed for by determining the radioactivity of 
these amino acids occurring free in the tissues. 
Recently Maurer & Miiller (1955) concluded that 
serum albumin is converted into serum globulin in 
the rat without first being completely broken down 
to free amino acids. In an attempt to confirm this 
observation the serum proteins from the rat which 
had been injected with [14C]lysine-labelled albumin 
and [!4C]alanine were fractionated by zone electro- 
phoresis and the radioactivity of the lysine and 
alanine in the fractions was determined. 
Preliminary results of some aspects of this work 
have been reported (Campbell, Jones & Stone, 
1956). 


MATERIALS AND METHODS 


Animals and production of liver tumours. Tumours were 
induced in rats by feeding them on a diet containing 0-06 % 
of 4-dimethylaminoazobenzene as described by Campbell 
(1955). 

Radioactive substances. Uniformly labelled L-[!4C]alanine 
(100 mg.) and L-[C]lysine (100 uc/2-5 mg.) were 
supplied by the Radiochemical Centre, Amersham. 
[4C]Lysine-labelled serum albumin. This was prepared 
from the serum of a rat which had received an intraperi- 
toneal injection of 50uc (1-25 mg.) of uniformly labelled 
L-[C]lysine as described by Campbell & Stone (1957). 
Injection of (}4C)alanine and [14C]lysine-labelled albumin 
into a rat bearing liver tumours. After laparotomy, a male rat 
(310 g. body wt.) was chosen which had several large discrete 
liver tumours, but which had some unaffected liver. The rat 
had been on a normal diet for 3 weeks after the diet contain- 
ing 4-dimethylaminoazobenzene. The purified [!*C]lysine- 
labelled albumin (0-4yu0/150mg.) 
(20 uc, approx. 1 mg.) were dissolved in 3 ml. of saline and 
injected into the femoral vein of the rat under light ether 
anaesthesia. The animal was left without food, but with 
water, for 1-5 hr. and then anaesthetized with ether. Blood 
(5 ml.) was removed by heart puncture and the liver was 
perfused with 40 ml. of warm saline. The liver (containing 
liver tumour), kidneys and spleen were then removed and 
cooled on ice. After separation of the tumour and liver, 
samples of each were taken for histological examination. 
Preparation of soluble fractions from tissues. The tissues 
were homogenized in a Potter-type all-glass homogenizer in 
cold saline, at 4500 rev./min. for 2 min. The soluble fraction 
was obtained by .centrifuging as previously described 
(Campbell & Halliday, 1957). 

Isolation of tissue proteins. Samples of the soluble fraction 
from the tissues were treated with an equal volume of 10% 
(w/v) trichloroacetic acid (TCA) and the precipitates 
treated to remove non-protein substances as described by 
Zamecnik, Loftfield, Stephenson & Steele (1951). In this 
procedure the protein precipitates are washed twice with 5 % 
TCA, heated for 20 min. at 90° with 5% TCA, and washed 
with warm ethanol, warm ethanol-ether-chloroform (2:2: 1) 
and finally with warm acetone. In view of the results of 
Korner & Debro (1956), who showed that after precipitation 
of rat-serum albumin with TCA some of the protein dis- 
solved in ethanol, the loss of albumin when the tissue proteins 
were treated according to Zamecnik et al. was determined. 
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Rat-serum albumin (2-4 mg.) labelled with [4C]lysine was 
dissolved in saline (4 ml.) and the solution was centrifuged to © 
remove traces of insoluble substances. This solution (1 ml.) 
was added to an extract (1 ml.) of rat liver prepared as | 
described in the last section. Protein was then precipitated 
by the addition of an equal volume of 10% TCA. In one 
case (a) the precipitate was treated by the procedure of 
Zamecnik et al., and in the other (b) the precipitate was 
washed with ethanol. Approx. 8 mg. of dry protein was 
obtained in each. The radioactivity of protein prepared by 
method (a) was 32 counts/min. at infinite thickness, whereas | 
the corresponding count for that prepared by method (b) | 
was 22. Thus, as expected from the results of Korner & 
Debro, there was a loss of approx. 30 % of the albumin when 
the cold TCA precipitate was washed with ethanol. 

The results obtained by the procedure of Zamecnik et al. 
were then compared with those of a procedure involving 
coagulation of protein by heat. The experiment was similar 
to that already described, except that rather less radioactive 
albumin was used. The proteins were treated either as 
described by Zamecnik e¢ al. (method a) or the protein was 
coagulated by boiling the solution for 10 min., an equal 
volume of acetone being added to the cooled mixture, and 
centrifuging and finally washing with acetone. When the 
radioactivity of the proteins was determined on duplicate 
samples, that treated by method (a) gave 22 and 25 counts/ 
min. and that treated by coagulation 23 and 26 counts/min. 
It is therefore concluded that no significant amount of 
albumin is lost when tissue proteins are treated by the 
procedure of Zamecnik et al. The results suggest that whereas 
some albumin is soluble in organic solvents when it is pre- 
cipitated with cold 5% TCA this albumin is no longer 
soluble when it has been heated at 90° in 5% TCA. 

Isolation of amino acids from tissue proteins. Alanine and 
lysine were isolated from hydrolysates of approximately 
50 mg. of the tissue proteins on columns of Deacidite Fi 
(6% cross-linked, particle size 50; 0-9 em. diam., 30 cm. | 
long; The Permutit Co. Ltd., London) (Campbell, 1956) and 
columns of Zeo-Karb 225 (0-9 cm. diam., 100 cm. long) as 
described by Campbell & Halliday (1957). 

Isolation of free amino acids from tissues. After removal of 
the protein in the tissue extracts by the addition of TCA, 
alanine and lysine were isolated from the supernatants by 
ion exchange and paper chromatography as _ previously 
described (Campbell & Halliday, 1957). 

Fractionation of serum proteins. Serum obtained from the 
sample of blood was fractionated by the addition of an equal 
volume of saturated (NH,),SO,. The precipitate was re- 
moved by centrifuging, and dissolved in water, dialysed and 
freeze-dried. The supernatant was dialysed and freeze-dried. 
Each fraction was then further purified by zone electro- 
phoresis with partially acetylated cellulose in columns 
1-5em. diam., 40 cm. long, as described by Campbell & 
Stone (1957). The fractions obtained were freeze-dried after 
removal of the buffer by dialysis against distilled water. 

Estimation of serum albumin in tissue extracts and serum- 
protein fractions. An antiserum obtained by injecting 
rabbits with a purified preparation of rat-serum albumin 
was used. Substances which interfere with the estimation 
were first removed from the tissue extracts by adsorption 
on to a precipitate produced by the addition of chick-serum 
albumin and chick-albumin antiserum. The method has 
been previously described in detail (Campbell & Stone, 
1957). 
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Estimation of blood content of tissue extracts. The amount of 
blood in the supernatant from homogenates of various tissue 
extracts was determined by the method of Holzer, Sedlmayr 
& Kiese (1956). 

Immunoelectrophoresis. This was carried out on fractions 
of rat-serum protein according to the method of Grabar & 
Williams (1955). 


Measurement of radioactivity 


Tissue proteins and freeze-dried serum proteins. These 
samples were plated on 0-28 cm.? Perspex disks and counted 
at infinite thickness in a Geiger—Miiller counter with a mica 
end-window. 

Amino acids from hydrolysates of tissue proteins. If 3 mg. 
or more of alanine or lysine was obtained from a protein 
hydrolysate the sample was converted into its dinitropheny] 
(DNP) derivative and was then counted at infinite thickness 
on 0-28 cm.? Perspex disks. The details of this procedure 
have been previously described (Campbell & Halliday, 
1957). 

If less than 3 mg. of amino acid was obtained then the 
amount of amino acid was determined by reaction with 
ninhydrin according to the method of Cocking & Yemm 
(1954). The radioactive amino acid was then diluted with 
sufficient inactive amino acid to provide at least 20 mg. of 
DNP-amino acid after treatment of the mixture with 
dinitrofluorobenzene. The activity of this derivative was 
determined by counting at infinite thickness on 1 cm.? 
polythene disks. 

Amino acids from hydrolysates of serum proteins. The 
amount of alanine and lysine obtained from these hydro- 
lysates was so small that it was necessary to dilute the 
samples before conversion into their DNP derivatives as 
described in the last section. The DNP-amino acids were 
then counted at infinite thickness on 1 cm.? polythene disks. 
However, sometimes the activity was too low for accurate 
counting and in these cases 10 mg. samples of the DNP 
derivatives were subjected to combustion and the radio- 
activity of the CO, was determined by gas counting 
(Salmony & Whitehead, 1954). An oxidizing mixture (Van 
Slyke & Folch, 1940) was used for the combustion, and the 
CO, passed through a solid CO,-ethanol trap to remove 
water. The radioactivity was expressed as counts/min./mg. 
of free amino acid. The actual count obtained from the com- 
bustion of 10 mg. of DNP-amino acid was approx. 15 times 
that obtained by counting at infinite thickness on a 1 cm.? 
disk, for which approx. 20 mg. was required. 
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Free amino acids from tissue extracts. The activity of these 
amino acids was determined by counting samples at infinite 
thinness on 2 cm.” polythene disks as previously described 
(Campbell, 1955). 


RESULTS 


Histological examination of the liver from the rat 
which was injected showed that the tissue was 
substantially free from malignant cells. The liver 
tumour consisted mainly of cholangioma cells with 
some hepatoma, but did not contain normal liver 
cells. 

Radioactivity of the free amino acids and 

protein-bound amino acids in the tissues 

In Table 1 are shown the results of these deter- 

minations. The ratio of the free (F) to protein- 
bound (P) alanine and lysine in each tissue is also 
given. The differences between the F:P ratios for 
alanine and for lysine in liver, liver tumour and 
spleen are not significantly different but the F:P 
ratio for kidney lysine is significantly lower than 
that of kidney alanine. 


Size of pools of free amino acids in the tissues 


Owing to the small amount of free amino acid in 
the tissue extracts care was taken to ensure that the 
methods used in the isolation were essentially 
quantitative. It has already been shown that the 
ion-exchange fractionation used is quantitative for 
alanine and lysine (Hirs, Moore & Stein, 1954), and 
the losses on the paper chromatography of alanine 
were very small. Thus the amount of free amino acid 
isolated provides an approximate measure of the 
size of the pools of lysine and alanine in the various 
tissues. Since it has been shown that the amount of 
protein precipitated from the supernatant fraction 
of tissue homogenates with TCA is reproducible 
(Campbell, 1955), the concentration of free amino 
acid may be related either to the total amount of 
protein in the tissue extract or to the wet weight of 
the tissue. The results shown in Table 2 indicate 
that the relative concentration of lysine in liver, 


Table 1. Radioactivity of amino acids in the supernatant fraction of homogenates of rat tissues 
1-5 hr. after injection of [4C]alanine and [4C]lysine-labelled serum albumin 


The radioactivity of the amino acids isolated from the protein precipitated with trichloroacetic acid is compared with 
that of the free amino acids in the extract. Radioactivities have been corrected to counts/min./cem.® at infinite thickness. 
F:P ratios are expressed as +s.x.M. derived from the coefficient of variation of the radioactivity determinations of the 


protein and free amino acids. 


Lysine 
A 
Protein Free 
amino acid amino acid 
(P) (F) Ratio, F:P 

Liver 46 730 15-8+4+2°6 - 
Liver tumour 123 853 6-9+41-3 
Spleen 114 363 3-2+0-43 
Kidney 194 275 1-4+40:13 


Alanine 
Protein Free 

amino acid amino acid 

(P) (F) Ratio, F:P 
387 5851 15-142-1 

1201 7058 5-9+0-95 
706 2855 4-0+0-33 
1297 2802 2-2+0-15 


: 
_I 
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e in various tissues 


Table 2. Concentration of al 


and ly 


Results are expressed both as mg. of amino acid isolated/g. of protein precipitated from the supernatant of the tissue 
homogenate with trichloroacetic acid and as yg./g. of the tissue (wet wt.) from which the extract was prepared. 


tissues of the rat 


Results are expressed as percentage of blood in the wet 
tissue. 
Amount of blood 


Tissue (%) 
Liver, perfused 1-1 
Liver, non-perfused 3-0 
Liver tumour (non-perfused) 13 
Kidney 1-2 


Table 4. Serum albumin in the supernatant fraction 
of tissue homogenates 


Conen. of albumin 


in extracts 
(ug-/ml.) 
Dueto % of total 
Tissue Total blood protein 

Liver (perfused) 211 103 1-4 
Liver tumour 840 58 9-9 
Spleen 420 32* 4-1 
Kidney 388 38 5-9 


* Calculated on the assumption that the spleen contains 
1% of whole blood. 


liver tumour and kidney is similar irrespective of 
the method of comparison. The same is also true for 
alanine. However, this is not so for spleen. Whereas 
the lysine content of this tissue is 50% of that of 
kidney based on soluble protein, it is 80% based on 
tissue weight. Similarly, the alanine content of 
spleen is 50% of that of kidney based on soluble 
protein, but 76% based on tissue weight. The 
discrepancy for spleen may be connected with the 
change in the size and composition of this organ 
which accompanies the development of liver tumours 
in rats (Akerfeldt, 1954). 


Amount of blood in the tissue extracts 


In order to account for the amount of albumin in 
the tissue extracts due to the presence of blood it 
was necessary to estimate the amount of blood in the 
extracts of various tissues. The method used for the 


Amount of free amino acid 
“Lysine monohydrochloride Alanine | 
mg./g. of mg./g. of 
Tissue sol. protein yg./g. wet wt. sol. protein pg./g. wet wt. 
Liver 2-3 94 1-2 50 
Liver tumour 3-1 162 2-4 122 
Spleen 2-9 256 1-5 130 
Kidney 6-0 320 3-2 173 
Table 3. Estimation of t of blood in the estimation of blood depends on the determination 


of the amount of haemoglobin present in the extract, 
so that it is essential to haemolyse all the blood. 
Since the extracts obtained from the rat which had 
received radioactive amino acids were made in 
0-9% NaCl the blood estimations were made on 
extracts prepared from tissues of a similar rat with 
0:125% NaCl. The results of these estimations 
expressed as percentage of blood in the wet tissue 
are shown in Table 3. Since the liver of the rat 
which received the radioactive amino acids was 
perfused with saline, the results for a perfused and 
non-perfused liver are compared. The amount of 
blood in spleen could not be estimated by such 
methods since the amount of haemoglobin would | 
not be expected to be a true reflexion of the amount | 
of blood present in this tissue. 


Amount of serum albumin in tissue extracts 


It has previously been shown (Campbell & Stone, 
1957) that in order to obtain reproducible results it 
is necessary to ‘clear’ tissue extracts with an anti- 
body-—antigen precipitate before estimating their 
albumin content. The chick albumin—antiserum 
reaction has been used for this purpose. In the 
present experiments it was necessary to show that 
the results obtained with such ‘cleared’ extracts 
represented the true level of rat-serum albumin in 
the tissue extracts. This was achieved by adding to 
samples of each of the four tissue extracts amounts 
of serum albumin that corresponded to approx. 
50 and 100 % of the amount of albumin contained 
in the extracts. A full recovery of the added albumin 
within the experimental error of the method was 
obtained. 

It is therefore concluded that the albumin 
estimations on the tissue extracts represent the 
absolute amount of serum albumin in the extracts. 
Duplicate estimations were within 10 % of the mean. 

The amount of albumin in haemolysed rat blood 
was found to be 25-4 mg./ml. It was therefore 
possible to calculate the amount of albumin in the 
extracts which was due to the presence of blood. 
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Table 5. Fractionation of serum proteins obtained from a rat bearing a liver tumour, 
90 min. after injection of [14C]alanine and [4C]lysine-labelled albumin 


For details of the nature of the fractions see Figs. 1 and 2. Radioactivities are expressed as counts/min./cm.? at infinite 
thickness. The amount of albumin in the fractions was determined by means of an antiserum. 


Amount Albumin 
Fraction Nature (mg.) Radioactivity (%) 

A Albumin + «-globulin 42 91 — 
A’ Purified albumin 31 125 76 
B B-Globulin 14 21 3-5 
C y-Globulin 14 22 3-0 
D Albumin + unknown 9 51 —_ 
E Albumin + «-globulin 22 77 20 

The results are shown in Table 4, together with the 13r- 

amount of albumin in the extracts expressed as 12- 

a percentage of the total protein precipitated with 

TCA. The results were corrected to allow for “Fr 

differences in the amount of N in the albumin 10+ 

preparations used as a standard and in the TCA =o9b 

protein precipitates. It will be seen that, except for 8 

the liver extract, which has a very low albumin £ 08- 

content, the contribution of the blood to the total 2 o7b 

albumin in the tissue extracts is very small. The low et 

level in liver may be associated with the fact that it laa 

was the only organ to be effectively perfused. It must a 

be concluded that large amounts of serum albumin o4- 

are ‘stored’ in the tissues. This has been shown 

with rabbit skin by Humphrey, Neuberger & sie 

Perkins (1956). 02F 

01 
Fractionation of serum proteins 


The sample of serum protein (116 mg.) obtained 
from the rat bearing liver tumours was first fraction- 
ated with (NH,),SO,. The two fractions obtained 
were further purified by zone electrophoresis. 
Figs. 1 and 2 show the results obtained and the way 
in which the fractions were subdivided. The yields of 
the freeze-dried protein fractions are shown in 
Table 5. Fraction A was further purified on another 
zone-electrophoresis column to remove small 
amounts of a second component. The conditions 
were exactly the same as those used in the first run, 
the fractions containing the peak of the protein 
being collected. After dialysis and freeze-drying, 
this fraction was designated A’. It will be seen from 
Table 5 that this procedure raised the radioactivity 
of the fraction from 91 to 125 counts/min. 

The nature of fraction E, which was the fastest- 
running component in the fraction precipitated 
with 0-5 saturated (NH,),SO,, was further investi- 
gated by immuno-electrophoresis. As was pre- 
viously shown (Campbell & Stone, 1957), a small 
amount of «-globulin in the preparation of rat- 
serum albumin may be detected by this method. The 
components of fraction E which reacted with the 
antiserum proved to be identical with those present 
in the purified albumin. 

43 


10 14 18 22 26 30 34 38 42 46 
Fractions (1:3 ml.) 


6 


Fig. 1. Zone electrophoresis of rat-serum proteins obtained 
from whole serum after removal of the precipitate formed 
with 0-5 saturated (NH,),SO,. Protein (55 mg.) was 
added to the column (46cm. x1-5cm.) packed with 
cellulose. A current of 10 ma (500v) was applied for 
24hr. Borate-phosphate buffer (see Materials and 
Methods) was used. 


cell 
do 


280 mp(0-5cm. 
No 


E 


° 


C—— 
14 18 22 26 30 34 38 42 46 50 54 S8 62 
Fractions (1:3 ml.) 


Fig. 2. Zone electrophoresis of rat-serum proteins obtained 
from whole serum by precipitation with 0-5 saturated 
(NH,),SO,. Protein (45 mg.) was run under the same 
conditions as described in Fig. 2. 
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The identity of the protein fractions was studied 
by electrophoresis on paper in veronal buffer, 
pH 8-6 (Flynn & de Mayo, 1951). An indication of 
the major protein constituents of the various 
fractions is given in Table 5. The serum proteins 
from rats bearing liver tumours differ from those of 
normal rats. A more detailed study of this aspect 
of the work will be published later. 

The results of the determination of the amount of 
albumin in the protein fractions is also given in 
Table 5. The high radioactivity of fractions D and E 
compared with B and C is no doubt due to the 
presence of albumin in these fractions. 


Radioactivity of alanine and lysine from 
serum-protein fractions 

The results of these determinations are shown in 
Table 6. As expected, the radioactivity of the lysine 
from the albumin fraction greatly exceeded that 
from the fractions containing B- and y-globulin. In 
view of this, even a small amount of albumin in 
these fractions has a great effect on the radioactivity 
of the lysine derived from them. The lysine values 
for fractions B and C are shown in the table before 
and after allowing for the presence of lysine due to 
albumin contamination. 


DISCUSSION 


Yuile, Lamson, Miller & Whipple (1951) were the 
first to suggest that plasma protein could be con- 
verted into tissue protein without first being de- 
graded to free amino acids. They suggested that the 
plasma protein was broken down intracellularly, 
and that since the amount of free “C-labelled amino 
acid reaching the circulation was very small the 
degradation did not reach the amino acid level. That 
injected plasma proteins are able to enter a wide 
variety of cells without prior degradation was shown 
by Coons, Leduc & Kaplan (1951) using fluorescent 
antibody. However, Loftfield & Harris (1956) have 
shown that a considerable proportion of the amino 
acids required for tissue-protein synthesis is 


Table 6. Radioactivity of alanine and lysine 
obtained from fractions of rat-serum protein 


The rat had received an injection of [C]alanine and 
albumin 1-5hr. previously. For 
designation of fractions see Table 5. Radioactivity is 
expressed as counts/min./mg. of free amino acid. The 
effect of the presence of albumin in fractions B and C is 
shown by the corrected values for lysine in the fractions. 


Lysine monohydrochloride 
A. 


Fraction (uncorrected) (corrected) Alanine 
A’ (albumin) 4692 -- 1168 
B (B-globulin) 400 244 1496 
C (y-globulin) 335 200 1800 
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cellularly, and that the amino acid released does not 
equilibrate with the circulating amino acids. Thus 
the results of Yuile et al. (1951) may be explained 
without postulating the interconversion of proteins 
at a polypeptide level. 

Babson & Winnick (1954) injected rats bearing 
an implanted Walker carcinoma with [*4C]leucine- 
labelled plasma protein and determined the radio. 
activity of the protein from the tumour, kidney and 
liver after 2 hr. As a control they injected a similar 
group of rats with free [14C]leucine. They observed 
that, compared with the kidney and liver, the 


tumour incorporated radioactivity from the plasma | 


protein more effectively. Busch & Greene (1955) 
have obtained very similar results with rats im- 
planted with the Walker carcinoma and with the 
Jensen sarcoma. These authors discuss the possi- 
bility that the results are due to the presence of un- 
changed radioactive plasma protein in the tumour 
protein but consider this an unlikely explanation, 

Babson & Winnick (1954) also carried out experi- 
ments in which they studied the effect on the radio- 


activity of the tissue proteins of injecting large — 


amounts of inactive leucine with the [?4C]leucine- 


labelled plasma protein. They showed that whereas — 
in the control experiments, in which free [#C]- | 


leucine was injected, the injection of inactive 
leucine reduced the radioactivity of the tissue 
proteins, there was no such reduction when the 


labelled plasma protein was injected. They con- — 


cluded that the Walker carcinoma and liver and 
kidney utilized plasma protein without extensive 
release of leucine in the free form. However, in view 
of the results of Loftfield & Harris (1956) already 
referred to, further experiments seem to be neces- 
sary before such a conclusion could be accepted. 
Campbell & Halliday (1957) have suggested that 
after the injection of a radioactive amino acid into 
an animal the ratio of the radioactivity of the free 
amino acid (F) within a given tissue to that of the 
same amino acid in the tissue proteins (P) isa 
measure of the rate of synthesis of the proteins in the 


tissue. The lower the ratio the greater the rate of | 


protein synthesis, provided that F>P. They 
further postulated that if the proteins concerned 
are synthesized from free amino acids, i.e. the entry 
of each species of amino acid into the protein 
molecule occurs at the same rate, then the radio- 
activity ratio F:P should be the same, irrespective 
of the nature of the amino acid, for a particular 
tissue at a given time after injection. However, this 
is only so if the time—radioactivity curves of the 
different amino acids are similar. If there is a delay 
in the peak of the time-activity curve for one 


amino acid compared with another, for example, in | 


the experiments cited where lysine was injected 
and alanine was formed from glucose, then the F:P 
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ratio of the one amino acid (alanine) will be higher 
than that of the other (lysine). A similar situation 
arises in the present experiments where alanine was 
injected and lysine was derived through the slow 
breakdown of albumin. 

Before discussing the significance of the results 
obtained from the determination of the F:P ratio 
for alanine and lysine in the various tissues as shown 
in Table 1, the effect on these ratios of the presence 
of unchanged radioactive serum albumin must be 
considered. 

The importance of the effect of the presence of 
albumin in the tissues for the present studies arises 
from the much greater radioactivity of the lysine 
in the circulating albumin than in the tissue proteins. 
Thus the radioactivity of the lysine in the albumin 
obtained from the serum at the time of death was 
2325 counts/min. at infinite thickness, which is far 
in excess of that of the lysine from the various tissue 
proteins (see Table 1). A similar situation does not 
arise for alanine. As may be seen from Table 4, the 
amount of serum albumin in the soluble tissue 
proteins varies considerably for the different 
tissues. Three reasons for the presence of serum 
albumin in the tissues must be considered: first 
there is albumin due to the presence of blood, 
secondly that due to the synthesis of serum albumin 
in the tissue and thirdly that due to ‘storage’. 

Owing to the small amount of serum albumin in 
the tissue extracts and the difficulty of obtaining it 
in a pure state, it was not possible to estimate the 
radioactivity of the lysine in the albumin present in 
such extracts. However, the radioactivity of the 
lysine of the albumin present in the circulating 
plasma was determined. Hence the effect of the 
presence of the ‘blood’ albumin in the tissue 
extracts on the radioactivity of the protein lysine 
may be calculated. The results of these calculations, 
showing their effect on the lysine F: P ratios for the 
four different tissues, are shown in Table 7. In each 
the effect is to raise the ratio; this is especially 
noticeable with liver. 

Since the radioactivity of alanine and lysine in 
the serum albumin in the tissues arising as a result 
of protein synthesis is likely to be of the same order 
as that of the mixed tissue proteins, albumin 
originating in this way need not be considered. It is 
much more difficult to evaluate the influence of the 
albumin ‘stored’ in the tissues. The results of 
Humphrey et al. (1956) on the albumin present in 
rabbit’s skin suggest that such albumin is meta- 
bolically relatively inactive. If this is so then 
‘stored’ albumin will have little effect on the lysine 
radioactivity. The greater the equilibration of such 
stored albumin with the blood the greater would be 
its contribution to the radioactivity of the tissue 
lysine, and hence the corrected F:P ratio would 
show a corresponding rise. 
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Table 7. Effect of blood in the tissue extracts on 
the radioactivity of the protein lysine 


Results are expressed as in Table 1. 


Corrected 
Whole for presence Corrected 
Tissue protein of blood F:P ratio 
Liver 46 30 24+4-0 
Liver tumour 123 107 8-0+41-5 
Spleen 114 101 3640-5 
Kidney 194 181 15+0-13 


Table 8. Comparison of the radioactivity of the free 
lysine in the tissues 1-5hr. after injection of 
[24C]lysine-labelled serum albumin and 1 hr. after 
injection of [4C lysine into each rat 
Radioactivity is expressed as counts/min.cm.? at 

infinite thickness. 

Radioactivity of lysine 


monohydrochloride 
Labelled 
protein Free amino Amino acid 
Tissue injected _acid injected Protein 
Liver 730 5 978 8-2 
Liver tumour 853 10 300 12-1 
Kidney 275 2 900 10-6 


The general effect therefore of the serum albumin 
in the tissues is to increase the radioactivity of the 
tissue protein lysine so that the F:P ratios for 
lysine in Table 1 are too low. Thus the F: P ratios for 
lysine will tend to be greater than those for alanine. 
As has been explained, this is to be expected if the 
peak of the time—activity curve of free [‘C]lysine is 
delayed relative to that of [“C]alanine. If, on the 
other hand, [!4C]lysine were to be derived from the 
labelled albumin in ‘peptide’ units, then the effect 
would be to raise the radioactivity of the lysine in 
the tissue proteins and so lower the lysine F:P 
ratios. Owing to the very high radioactivity of the 
lysine in the albumin compared with that in the 
tissue, any significant incorporation of lysine 
derived from the partial degradation of the labelled 
albumin would have a marked effect on the lysine 
F:P ratios. Although no firm conclusion can be 
drawn from these experiments there is no evidence 
to suggest that partial degradation products of 
serum albumin are an important source of pre- 
cursors for the synthesis of tissue proteins. Further- 
more, there is no evidence that liver tumour differs 
from liver in this respect. 

The possibility that amino acids derived from 
serum albumin are preferentially utilized by some 
tissues for the synthesis of proteins, as is suggested 
by the results of Busch & Greene (1955), must now 
be examined. Any such effect would be expected to 
be reflected in the relative radioactivity of the free 
amino acids in the tissues. In Table 8 the radio- 
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activity of lysine in liver, liver tumour and kidney 
is compared after injection of [!C]lysine-labelled 
albumin with similar results obtained after injection 
of free [}4C]}lysine (Campbell & Halliday, 1957). 
Although conclusions drawn from such a comparison 
must be treated with reserve, since the experiments 
were conducted in different animals and the animals 
were killed after slightly different times, the results 
do not indicate any marked preferential utilization 
of albumin by one tissue over another. However, 
further experiments are necessary before this 
possibility can be excluded. It is not possible to 
draw any valid conclusions from a comparison of 
the radioactivity of free alanine and lysine in the 
different tissues (Table 1), for the amount of these 
amino acids in the tissues varies (Table 2), and 
alanine is metabolically much more active than 
lysine. 

t is now necessary to discuss the results of the 
determination of the radioactivity of the lysine and 
alanine present in the serum proteins. Simpson & 
Velick (1954) and Heimberg & Velick (1954) have 
shown that the three rabbit muscle enzymes, 
phosphorylase, aldolase and _ glyceraldehyde-3- 
phosphate dehydrogenase, are synthesized from the 
same amino acid pool. If this result is capable of 
general application then plasma proteins may be 


Radioactivity ratio of alanine to lysine 
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Liver tumour 
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Fig. 3. Comparison of the ratio of the radioactivity of 
alanine and lysine isolated from the tissues and serum 
proteins of a rat 1-5 hr. after injection of [#C]alanine and 
[*C]lysine-labelled albumin. The results are expressed 
as +S.E.M. derived from the coefficient of variation of 
the radioactivity determinations on each amino acid. 
Allowance has been made for the effect of albumin in the 
tissue extracts due to the presence of blood, and for 
albumin in the globulin fractions. 
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expected to be synthesized from the same amino 
acid pool as the soluble proteins in the tissues. In 
this case, if plasma proteins, like tissue proteins, are 
synthesized from free amino acids, the ratio of the 
radioactivity of alanine and lysine after the in- 
jection of [*4C]lysine and [!4C]alanine would be 
expected to be the same as that of the soluble 
proteins of the tissue(s) in which the plasma proteins 
were synthesized. 

Whereas the synthesis of serum albumin appears 
to be confined to the liver (Miller, Bly, Watson & 
Bale, 1951), the synthesis of the other serum pro- 
teins takes place in a variety of tissues including the 
liver (Miller & Bale, 1954; Miller, Bly & Bale, 1954; 
Askonas & White, 1956). It is probable that the 
tissues studied in the present experiments (liver, 
kidney and spleen) are representative of the tissues 
in which the serum globulins are synthesized. Fig. 3 
shows a comparison of the radioactivity of the 
alanine and lysine isolated from the tissue extracts 
and the serum-protein fractions. Allowance has 
been made for the effect of albumin due to the 
presence of blood in the tissue extracts and for 
serum albumin in the globulin fractions. Although 
the ratio for the f-globulin fraction is a little lower 
than that for the tissue proteins, the difference is 
not significant. The ratio for the y-globulin fraction 
is well within the range for the tissue proteins. As 
may be seen from the very low ratio for albumin, 
any extensive conversion of albumin into globulin 
through partial degradation products would have 
been reflected in a marked lowering of the globulin 
ratios. 

Maurer & Miiller (1955) injected a rat with serum 
albumin labelled with *S in the sulphur amino 
acids. The rats were bled 4 and 25 days after this 
and the plasma proteins fractionated by paper 
electrophoresis. They calculated that the radio- 
activity of the globulins greatly exceeded that to 
be expected if the radioactive amino acids derived 
from the serum albumin had equilibrated with the 
circulating amino acids before being incorporated 
into the globulins. They therefore postulated that 
serum albumin was converted into globulin without 
complete degradation. As has been shown, this 
reasoning is based on an unwarranted assumption 
regarding the degree of equilibration of amino acids, 
and the results of the present experiments do not 
support the view that serum albumin can be con- 
verted into globulin at other than an amino acid 
level. 


SUMMARY 


1. Arat bearing liver tumours induced by feeding 
4-dimethylaminoazobenzene was intravenously in- 
jected with a solution containing [C]alanine and 
[*4C]lysine-labelled rat-serum albumin. The rat was 
killed 90 min. after the injection. 
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2. The liver, liver tumour, kidney and spleen 
were homogenized and soluble extracts of the 
tissues were obtained. Samples of the extracts were 
treated with trichloroacetic acid and the radio- 
activity of the lysine and alanine in hydrolysates of 
the precipitated proteins was determined. The radio- 
activity of the alanine and lysine occurring free in 
the supernatants of the trichloroacetic acid pre- 
cipitates was also determined. 

3. The amount of serum albumin in the tissue 
extracts was determined by means of an antiserum. 
From estimations of the amount of blood in the 
extracts it could be shown that the total amount of 
albumin in the extracts greatly exceeded that due to 
the presence of blood. 

4. The plasma proteins obtained from the rat at 
death were fractionated by zone electrophoresis. 
Fractions containing albumin plus «-globulin, 
-globulin and y-globulin were obtained. The radio- 
activity of the alanine and lysine in hydrolysates of 
each fraction was determined. 

5. From the ratio of the radioactivity of the free 
amino acids in the tissues to that of the amino acids 
in the tissue proteins it is concluded that there is 
no evidence that serum albumin is utilized for the 
synthesis of soluble tissue proteins without first 
being broken down to free amino acids. In this 
respect liver tumour did not appear to differ from 
the other tissues studied. 

6. No evidence could be found for the intercon- 
version of serum albumin and serum globulin at 
other than an amino acid level. 
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encouragement, Dr I. M. Roitt fur many helpful discussions, 
Mr H. E. H. Jones for carrying out the laparotomies and the 
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logical examinations and Mr J. K. Whitehead for gas 
counting. A grant to the Medical School by the British 
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The Isolation and Properties of a Fragment of Bovine-Serum Albumin 
which Retains the Ability to Combine with Rabbit Antiserum 


By R. R. PORTER 
National Institute for Medical Research, Mill Hill, London, N.W.7 


(Received 18 January 1957) 


The structural basis of the biological activity of 
proteins is a problem which is arousing growing 
interest as knowledge of protein structure increases. 
One approach (Porter, 1953) is to hydrolyse a pro- 
tein under conditions in which the biological activity 
survives and then isolate the fragment responsible 
for activity, thus reducing the structural work 


necessary to pinpoint the features essential for 
activity. Difficulty has always been met in isolating 
the active fragment, but retention of activity after 
partial hydrolysis has been demonstrated in a 
sufficient number of cases to establish that the 
whole protein molecule is not necessarily essential 
for activity. 
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Landsteiner (1942) made such an attempt to find 
the antigenic combining sites of silk fibroin, and was 
able to obtain from a sulphuric acid digest fragments 
which would inhibit the combination of silk fibroin 
with antisera prepared by injection into a rabbit of 
the soluble fibroin adsorbed on charcoal. The silk 
fibroin was brought into solution by heating in acid. 
It was not certain how far these results could be 
applied to a native globular protein, but several 
workers (Landsteiner & Chase, 1933; Holiday, 1939; 
Kleczkowski, 1945) have reported that serum pro- 
teins will retain the power to precipitate with anti- 
sera after short periods of enzymic digestion. 
Recently Lapresle (1955a,6) has reported that 
human-serum albumin, if digested with a crude 
extract of spleen, gives three components which 
retain the ability to precipitate with rabbit anti- 
human-serum albumin. These fractions have, at 
pH 8-6, an electrophoretic mobility which is close 
to that of the undigested proteins, and it was sug- 
gested that they arise from only slight breakdown 
of the albumin ; they were not characterized further. 

An attempt has therefore been made to isolate 
a small fragment of a protein antigen which would 
retain the power to combine with its antisera. From 
Landsteiner’s work it seemed probable that frag- 
ments of the antigenic protein might retain their 
power to combine specifically with antibody even 
though visible precipitates were not formed. In 
this case a sensitive test for the existence of active 
fragments of antigen would consist in measuring 
the amount of precipitate formed when antibody 
and antigen were mixed in optimum proportions in 
the presence of partly digested antigen. Ovalbumin 
was first tried as it is a good antigen of relatively 
low molecular weight, but under none of the condi- 
tions used was there any evidence of production of 
an active fragment which would diffuse through 
a cellophan membrane. Bovine-serum albumin 
was then tested and it was found that chymotryptic 
digestion under appropriate conditions produced 
diffusible material which was immunologically 
active both in vitro and in vivo. This material will be 
referred to as the inhibitor. 


EXPERIMENTAL 
Materials 


Crystalline bovine-serum albumin was purchased from 
Armour and Co. Ltd. Goat-serum albumin was prepared 
by zone electrophoresis. Trypsin and chymotrypsin, re- 
crystallized six times (Northrop, Kunitz & Herriott, 1948), 
were given by Mr J. Lightbown. Crystalline pepsin was 
purchased from Armour and Co. Ltd. Crystalline mould 
protease (Crewther & Lennox, 1950) was given by Dr 
Crewther.. Crystalline papain (Kimmel & Smith, 1954) was 
given by Dr Emil Smith. Crystalline streptococcal protease 
(Elliot, 1950) was given by Dr J. Humphrey. 
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Anti-bovine-serum albumin was prepared by injection 
into rabbits of the protein precipitated with alum, as 
described for the preparation of anti-ovalbumin (Porter, 
1955). Six rabbits were used and sera are referred to by the 
rabbit number (i.e. 1-6). Cellophan membranes were 
purchased from the Visking Corporation, Chicago. 


Methods 


For zone electrophoresis, cotton wool treated with acid 
ethanol was used as the supporting solid according to the 
methods described by Flodin & Kupke (1956) and Porath 
(1956). Electrophoresis was in 0-025M-sodium borate, 
pH 9-4, or in 0-5n-acetic acid. 

N-Terminal amino acids were estimated according to 
published methods (Porter, 1957) with fluoro-2:4-dinitro- 
benzene. 

The effect of heat denaturation was tested by immersing 
a solution (1 mg./ml.) of inhibitor in 0-05m-sodium phos- 
phate, pH 7, in boiling water. 

Estimation of inhibitory power. Estimations of inhibitory 
power of an enzymic digest were made by two methods. 
An approximate method was used in preliminary investiga- 
tions and to follow the purification of the active fragment. 
This was based on the delay in flocculation which occurred 
when increasing volumes of the digest solution were added 
to the antisera before addition of the optimum amount of 
bovine-serum albumin. For example, with one antiserum 
(16 mg. of antibody/ml.), 1 ml. of 1/50 dilution in 0-15% 
NaCl was run into a flocculation tube in a bath at 37°. 
A volume (0-01-0-5 ml.) of test solution was added and 
mixed; 5 min. later 0-04 ml. of bovine-serum albumin 
(1 mg./ml.) was added and the tubes were again mixed. The 
time of flocculation was compared with that of a control 
tube in which saline had been added to the antiserum in the 
same volume as that of the inhibitor. The test solution was 
always brought to pH 7 before testing. A calibration curve 
was prepared of time of flocculation against volume of an 
arbitrary standard solution of inhibitor; this gives a rapid 
semiquantitative method of estimation. 

A more exact estimation of the ability of the inhibitor to 
combine with anti-bovine-serum albumin was made by 
measuring the weight of specific precipitate formed by 
adding the optimum amount of serum albumin to antisera 
after prior addition of increasing amounts of inhibitor. In 
this case, antisera were diluted with inert serum or saline 
until their antibody content was about 2 mg./ml. Inhibitor 
was added to 0-5 ml. of diluted antisera in increasing 
amounts, and the volumes in all tubes were equalized by the 
addition of saline. The tubes were stood at 37° for 1 hr. and 
at 2° overnight. If any precipitate formed, the tubes were 
centrifuged at 2° and the precipitate was washed three 
times with 0-5 ml. of ice-cold saline. The supernatant and 
first washing were combined and stood at 37°. Bovine- 
serum albumin sufficient to give maximum precipitation in 
the absence of inhibitor (in this case 0-13 mg.) was added, 
and the solutions were mixed and stood at 37° for 1 hr. and 
overnight at 2°. The precipitates were washed as before and 
both were estimated by dissolving in 3 ml. of 0-1N-NaOH 
and reading the absorption in a spectrophotometer at 
280 mp. The values obtained were converted into weight of 
antibody from previous calibration with rabbit y-globulin, 
after allowance for the antigen content of the precipitate. 
A solution of rabbit y-globulin in 0-1N-NaOH which gives 
a reading of 1-0 at 280 my contains 0-715 mg. of protein. 
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Enzymic hydrolysis of serum albumin. Enzymic digestion 
of bovine-serum albumin was carried out in a dialysis sac 
suspended in 10-20 vol. of water which had been adjusted 
to the same pH as the digestion mixture. The outer liquor 
(diffusate) was tested for inhibitory activity at regular time 
intervals. This method was adopted because active material 
with a considerably reduced molecular size was looked for, 
and it also offered a chance of obtaining intermediary 
digestion products which would lose activity if enzymic 
digestion went to completion. For preliminary work, the 
solutions were kept at 37° and were shaken continuously to 
facilitate diffusion. 

With trypsin, chymotrypsin, papain and mould protease 
the solutions were adjusted to pH 8 with aq. 2N-NH; soln., 
and with pepsin were reduced to pH 5 with n-acetic acid or 
pH 2 with n-HCl. The papain, received as the inactive 
mercury-enzyme, was activated by cysteine and ethylene- 
diaminetetra-acetic acid (EDTA) as described by Kimmel & 
Smith (1954) and these compounds were added to the 
digestion mixture and outer liquid to prevent subsequent 
inactivation of the enzyme. 

Other methods of measurement of antibody-antigen r 
Antibody—antigen reactions in agar plates were carried out 
according to the method of Ouchterlony (1953), except that 
the plates were kept at 2°, not 37°. 

Passive anaphylactic shock tests were performed by 
Dr J. H. Humphrey as follows: six guinea pigs were injected 
intraperitoneally with 2 ml. of anti-bovine-serum albumin 
(8-5 mg. of antibody/ml.). Two days later three were 
challenged by intravenous injection of bovine-serum 
albumin in decreasing amounts (2, 0-5 and 0-05 mg.). The 
other three were injected with the same amounts of inhibitor. 
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RESULTS 


When ovalbumin was hydrolysed by the six pro- 
teases under the conditions given above, no pre- 
cipitating or inhibitory activity was detectable in the 
diffusate. 

When bovine-serum albumin was hydrolysed 
similarly, activity was found in the diffusate if 
trypsin or chymotrypsin was the digesting en- 
zyme. No activity was found when papain, pepsin, 
mould protease or streptococcal protease was used. 

The activity of the diffusate was at least five 
times greater when chymotrypsin was used than 
with trypsin. The work with trypsin has not been 
pursued further, and in the work described here 
chymotryptic digestion has been used throughout. 
If the bovine-serum albumin and chymotrypsin are 
incubated separately in dialysis sacs in an identical 
manner with that used for digestion, no activity is 
detectable in the diffusate. It was therefore con- 
cluded that the activity which dialysed through the 
cellophan must arise from a product of the enzymic 
digestion and conditions were found which would 
give a high yield for preparative purposes. 

Further incubation of the inhibitor solution with 
chymotrypsin in a glass vessel destroyed its 
activity. It therefore appeared that we were 
dealing with an intermediary product of hydrolysis, 
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which had at least one essential bond susceptible to 
chymotrypsin but more resistant than other bonds 
broken during release of this material from the 
whole protein. Conditions were therefore changed 
to reduce the rate of hydrolysis relative to the rate 
of diffusion. This was done by working at 25° and 
reducing the amount of enzyme relative to substrate. 
A significant rise in inhibitory activity resulted. 
The conditions finally chosen were as follows: 
Bovine-serum albumin (2 g.) and 15 mg. of chymo- 
trypsin were dissolved in 5 ml. of water and aq. 
2n-NH, soln. was added to bring the pH to 8. One 
drop of toluene was added and the mixture put into 
8/32 Visking dialysis sac. The sac was washed very 
thoroughly outside and then put into 100 ml. of 
water, adjusted to pH 8 and saturated with toluene 
in a 100 ml. glass-stoppered measuring cylinder and 
shaken continuously at 25°. At 3, 6, 12, 24, 30, 36 
and 48 hr., and subsequently daily, the outer liquid 
was changed. A worth-while yield of inhibitor was 
obtained up to 14 days when the reaction was 
stopped. At this point, the material remaining in 
the cellophan bag (the dialysate) retained the 
power to precipitate with bovine-serum albumin. 
It has not been investigated further. The scheme of 
purification of the active material in the diffusate is 
summarized in Scheme 1. 

The diffusate was combined into three batches 
and was concentrated by evaporation in a rotary 
still with the bath at 30°; 1200 ml. of diffusate was 
reduced to about 15 ml. in 12 hr. 

When different batches of cellophan were 
examined, an 18/32 Visking sac was found which 
would completely retain inhibitory activity. Wide 
variation in the permeability of unstretched cello- 
phan sacs is known to occur (cf. Craig & King, 1955, 
1956); advantage was taken of the finding that the 
inhibitor would pass through one type of sac but 
not through another, to purify the material further. 
The concentrated diffusate was dialysed in the 
18/32 sac in a rocking dialyser with four changes of 
water. About half the weight was lost without loss 
of activity. Though big differences in the perme- 
ability of different batches of commercial cellophan 
occur, it is rare to find any which retains material 
with a molecular weight below 5000 or allows 
material with a molecular weight over 20 000 to 
diffuse through. It therefore seemed probable that 
the molecular weight of the inhibitor would fall 
somewhere in this range. 

An equal volume of ethanol was added to this 
second dialysate at room temperature and the 
precipitate centrifuged after standing for 1 hr.; 
90 % or more of the activity was contained in the 
precipitate, which was taken up in 3 ml. of water 
and after being centrifuged to remove traces of 
insoluble substance, was fractionated by electro- 
phoresis in a column of'treated cotton wool (Porath, 
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1956). After 30 hr. the material was eluted from the 
column and an elution diagram is shown in Fig. 1. 
There was a variety of components, as judged by 
absorption at 280 my, but the activity was con- 
fined to the slowest-moving fraction. This fraction 
was concentrated in a rotary still, dialysed and 
again fractionated by electrophoresis in 0-5N-acetic 
acid ina column. Fig. 2 shows the elution diagram, 
which at this stage shows a single peak, and if the 
active fraction is rerun a symmetrical peak is 
obtained. However, N-terminal amino acid assay 
with fluorodinitrobenzene showed that there were 
several minor components in addition to the main 
terminal amino acid. If the material from the 
acetic acid electrophoresis was precipitated in 5% 
trichloroacetic acid the precipitate dissolved readily 
in 0-05m-phosphate, pH 7, and there was no loss of 
activity. There was also very little loss of weight, 
but when N-terminal amino acid assay was re- 
peated only phenylalanine was found and all trace 
of other amino acids had gone. They presumably 
arose from small amounts of adsorbed peptides 
which remained in solution during precipitation 
with trichloroacetic acid. 
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Bovine-serum albumin (2 g.) +15 mg. 
of chymotrypsin at pH 8, 25°, in 
8/32 Visking cellophan 
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Precipitated with equal vol. of 
10% trichloroacetic acid 
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Properties of the inhibitor 
Electrophoresis. As zone electrophoresis at 
pH 9-4 and 3-5 had been used to purify the inhibitor, 
it was to be expected that it would appear to be 
homogeneous by this criterion. The inhibitor was 
completely adsorbed on treated cellulose near 
neutrality but gave a single symmetrical peak if 
examined in phosphate buffer at pH 7 by free 
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Fig. 1. Elution diagram of zone electrophoresis in 0-025M- 
borate buffer, pH 9-4. Column 40cm. x3 em.; 27 hr., 
300v, 40 ma. ——, Extinction coefficient at 280 my; 
—--, delay caused in time of flocculation on addition of 
sample of eluate (0-1 ml.) to bovine-serum albumin and 
rabbit-antiserum system. Time of control flocculation 
without any addition, 3 min. 
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Fig. 2. Elution diagram of zone electrophoresis in 9-5N- 
acetic acid of active peak from electrophoresis at pH 9-4. 
Column 42cm.x2cm.; 7hr., 550v, 20ma. ——, 
Extinction coefficient at pH 9-4; ---, delay caused in 
time of flocculation on addition of sample of eluate 
(0-1 ml.) to bovine-serum albumin and rabbit-antiserum 
system. Time of control flocculation without any addition, 
34 min. 
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electrophoresis or by zone electrophoresis at pH 9-4 
and 3-5. 

N-Terminal amino acid. The fluorodinitrobenzene 
method showed that phenylalanine was the N- 
terminal acid. After correction for loss during 
hydrolysis and chromatography the yield was 
1 mole/14 000 mol.wt. No traces of other N- 
terminal acids were detectable. 

Molecular weight. Dr P. A. Charlwood examined 
the material in the ultracentrifuge and found it to 
be monodisperse, judged by the facts that it gave 
a single symmetrical peak and that there was no 
change of molecular weight with time at the 
meniscus in spite of considerable change of concen- 
tration. In 0-15mM-NaCl-0-05M-potassium phos- 
phate buffer, pH 7-1, the sedimentation constant 
corrected to water at 20° was found to be 2-138 at 
0:7% concentration. In 0-05m-borate buffer, 
pH 9-4, it was 2-29S at 0-5% concentration. 
Estimation of molecular weight was made in each 
case by Archibald’s method (Archibald, 1947; 
Charlwood, 1957) and showed some difference. In 
phosphate buffer the molecular weight was found to 
be 27000 and in borate buffer 24000. The reason 
for this discrepancy is not known. 

This molecular weight was about double that 
expected from N-terminal acid assay and was 
higher than expected for a compound which would 
pass through a cellophan membrane. The ability of 
the inhibitor to diffuse through cellophan was 
therefore retested, and it was found that no activity 
was detectable in the diffusate when dialysis was 
carried out under the identical conditions at 25° 
and pH 8 used for digestion. It appeared that the 
molecular weight had changed during purification. 
With another preparation of inhibitor the ability to 
diffuse through the 8/32 membrane was tested after 
each step. This remained after concentration of the 
diffusates and after the second dialysis in 18/32 
cellophan tubing. It remained after ethanol pre- 
cipitation but, if this material was freeze-dried, 
then the power to diffuse was completely lost. If 
not freeze-dried but submitted to electrophoresis 
directly at pH 9-4 the power to diffuse was again 
lost. 

As this change was not necessarily associated with 
purification, it was assumed that some kind of 
association had occurred, and conditions were 
sought under which it could be reversed. Ability to 
diffuse was used to test for such a reversal. The 
purified inhibitor was dialysed against 0-05mM- 
Na,CO, and 0-01 N-HCl, i.e. at pH 10-5 and 2. There 
was no loss of inhibitory power under these condi- 
tions. No activity came through the sac and it 
therefore appeared unlikely that electrostatic 
bonds were involved in the association. 

The inhibitor was dialysed against different 
concentrations of urea, at pH 7. There was a slow 
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loss of activity when 1-5M-urea was used and about 
half the activity was lost in 3mM-urea over 24 hr. at 
room temperature, but again no activity appeared 
in the diffusate. The involvement of hydrogen 
bonding in the association therefore seemed 
improbable. 

On the assumption that the association might 
have arisen from the formation of intermolecular 
S-S bonds, attempts were made to dialyse the 
diffusate in a reducing medium. In neutral m- 
thioglycollate the inhibitor solution gelled and all 
activity was lost in about 30 min. at room temper- 
ature. Intramolecular disulphide bonds in the 
molecule are probably essential for its activity. In 
neutral 0-05m-thioglycollate there was slow loss of 
activity and no diffusion of active material. In 
neutral 0-02 m-cysteine little if any activity was lost 
but some appeared to diffuse. In acid solution, 
0-1m-acetate (pH 4)—0-001M-EDTA-0-02mM-cyst- 
eine, the inhibitor diffused through the cellophan 
without loss of activity and when the sedimentation 
constant was measured under these conditions it 
showed a substantial reduction. If the solution is 
neutralized, the power to diffuse is again rapidly 
lost. 

In the acetate buffer the sedimentation constant 
corrected to water at 20° was 1-428 at 0-7 % con- 
centration. When the molecular weight was calcu- 
lated as before, it was found to be 12 000. 

It appears that the true molecular weight of the 
fragment released from bovine-serum albumin is 
12 000-13 000 and that it dimerizes through inter- 
action of sulphydryl groups. Crystalline prepara- 
tions of bovine-serum albumin contain 0-7—0-8 
sulphydryl group/molecule (Hughes, 1950). No 
interaction occurs except through a bivalent heavy 
metal, such as mercury, when a dimer forms. A 
bivalent organic mercurial causes the dimer to 
form much more rapidly (Straessle, 1951). It has 
been suggested that 70-80 % of the molecules have 
a single sulphydryl group which is prevented from 
interaction by steric factors. It would appear 
possible that this single sulphydry] group is present 
in the inhibitor fragment but that loss of other parts 
of the serum-albumin structure now enabled it to 
interact with the same group in another molecule, 
in the absence of heavy metals. The monomer is 
stabilized in some way in the impure state but it 
dimerizes very rapidly when pure, particularly in 
conditions suitable for oxidation, such as neutral or 
alkaline pH. 

A comparison was made of the immunological 
behaviour of the inhibitor when in the form of a 
monomer and a dimer. This was not easy as dimeriz- 
ation occurs rapidly in neutral solution in the 
absence of cysteine, and moreover, since incubation 
of antibody with a reducing agent delays its pre- 
cipitation with the antigen (Porter, 1950a), it was 
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undesirable to work in the presence of cysteine. 
The behaviour of a solution of the ethanol pre- 
cipitate before and after freeze-drying was therefore 
compared. A solution, of which the activity would 
diffuse readily through cellophan, was divided into 
two parts. One was freeze-dried and then redis- 
solved in the original volume of water and found to 
contain no diffusible activity. The inhibitory power 
of this solution was now compared with that of the 
original. No qualitative or quantitative difference 
could be found and it is concluded that the dimeriza- 
tion, which must result in the blocking of a con- 
siderable part of the surface of the molecule, has not 
influenced its power to combine with antibody. All 
the immunological work described later was carried 
out with the purified inhibitor, i.e. the dimer. 

Amino acid analysis. Preliminary amino acid 
analysis was made by Dr 8. Jacobs using a pro- 
cedure similar to that of Moore & Stein (1951). 
Table 1 shows the results obtained and they are 
compared with the values reported for bovine-serum 
albumin (Stein & Moore, 1949). As only one esti- 
mation was made with the inhibitor, no high degree 
of accuracy can be claimed, but it can be seen that 
there are some striking differences between the 
amino acid content of this fragment and the whole 
molecule. As the molecular weight of the inhibitor 
is about 12000 and represents about a fifth part of 
the original molecule, it is clear that there must be 
considerable differences in the distribution of 
amino acids along the peptide chain of serum 
albumin. 

The cystine analysis gives a figure of 1-4 moles/ 
12 000, suggesting that there is one disulphide 
bond and a free sulphydryl group. Experiments 
described above to determine the molecular weight 
suggest that rupture of the disulphide bond destroys 
activity and that the free sulphydryl group is 
responsible for the dimerization which occurs. 

Stability. The inhibitor shows varying stability in 
different conditions. The solubility and activity are 
unaffected by precipitation in ethanol at room 
temperature, by precipitation with 5% trichloro- 
acetic acid, by exposure to pH 10-5 or pH 2 over 
24 hr. at room temperature. Solubility and activity 
are lost by heating to 100° for 2-3 min. or by 
standing in m-thioglycollate at pH 7. Activity is 
also destroyed slowly by comparatively low con- 
centrations (1-5m) of urea. 

The native configuration of the peptide chain, 
controlled by both a disulphide bond and hydrogen 
bonds, must be necessary for the inhibitor to be able 
to combine with anti-bovine-serum albumin. 


Immunological properties of the inhibitor 
The time taken for the inhibitor to react with the 
antisera was estimated approximately by mixing 
antisera and inhibitor and adding bovine-serum 
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albumin after varying times. After incubation the 
weight of specific precipitate formed was estimated, 

The results (Table 2) indicate that inhibitor, 
present in excess, reacted completely with antibody 
in less than 2 min. but that when antigen and 
inhibitor reacted simultaneously more precipitate 
formed. If the combination of inhibitor and antigen 
with antibody were easily reversible reactions the 
same weight of precipitate would have been 
expected in all cases. 

In order to eliminate the effect of time of reaction 
at least 5 min. was always allowed in subsequent 
experiments between addition of inhibitor and 
serum albumin to the antisera. 


Table 1. Amino acid analysis of inhibitor 
and of serum albumin 


Results are expressed as g./100 g. of protein. 


Amino acid Inhibitor Serum albumin* 
Aspartic acid 9-0 10-9 
Threonine 7-2 58 
Serine 2-0 4-2 
Glutamic acid 16-3 16-5 
Proline 7:3 4:8 
Glycine 19 1:8 
Cystine 2:7 6-0 
Alanine 56 6:3 
Valine 9:3 5-9 
Methionine 0-8 0:8 
Leucine 11-6 12:3 
Isoleucine 2-8 2-6 
Tyrosine 1-2 5-1 
Phenylalanine 6-1 6-6 
Tryptophan OT 0-58 
Lysine 12:9 12-8 
Histidine 2-1 4:0 
Arginine 54 59 


* The amino acid content of serum albumin has been 
taken from Stein & Moore (1949). 

} Tryptophan could not be detected spectroscopically 
with the Holiday photographic method (Beaven & Holiday, 
1952). 


Table 2. Effect of times of addition of inhibitor and 
antigen to antiserum on the weight of precipitate 
formed 


To 0-5 ml. of serum (2 mg. of antibody/ml.) was added 
excess of inhibitor (0-2 mg.). This was followed by 0-14 mg. 
of bovine-serum albumin after different time intervals. The 
first tube (zero time) was mixed after rapid addition of 
serum albumin, the others after addition of the inhibitor, 
and serum albumin was added after 2 min., 10 min. and 
48 hr., and was again mixed. The solutions were subse- 
quently stood at 37° for 2 hr. and at 2° for 48 hr. 

Time of addition of 
serum albumin after Wt. of 
mixing inhibitor and precipitate formed 


antiserum (mg.) 
0 min. 0-63 

2 min. 0-48 
10 min. 0-47 
48 hr. 0-47 
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Effect of additon of inhibitor to different 
anti-bovine-serum-albumin sera 

Increasing amounts of inhibitor were added to 
a constant amount of antiserum in absence of 
serum albumin and any precipitate formed was 
estimated as described. The amount of antibody 
remaining in the supernatant and still able to form 
a precipitate with bovine-serum albumin was also 
estimated. This experiment was repeated with 
goat-serum albumin instead of bovine-serum 
albumin. This enabled us to decide how the anti- 
bodies with which the inhibitor was combining 
were related to the antibodies which would cross- 
react with the heterologous goat-serum albumin. 

It quickly became clear that the results obtained 
varied considerably from one serum to the next. 
No two antisera behaved the same, whether ob- 
tained from different rabbits after the same course of 
injections or from the same rabbit after successive 
courses of injections. 

Fig. 3 shows the results with rabbit 1 after six 
injections given in 2 weeks. With this serum the 
inhibitor alone gave a precipitate which at the 
maximum was about one-quarter of the precipitate 
given by bovine-serum albumin in optimum pro- 
portions. The combining ratio of inhibitor to anti- 
body was 1:8-5, very similar to that found with 
bovine-serum albumin. This was the only serum 
tested in which sufficient precipitate was formed on 
addition of inhibitor alone for satisfactory estima- 
tion. The precipitate formed by addition of serum 
albumin to the supernatant fell in the presence of 
increasing amounts of inhibitor to a minimum of 
about two-thirds of that formed in the absence of 
inhibitor. When goat-serum albumin was used to 
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160 320 480 640 800 
Wt. of inhibitor added (ug./ml. of serum) 


Wt. of antibody precipitated (mg./ml. of serum) 


Fig. 3. Amount of precipitate formed on addition of 
increasing weights of inhibitor and serum albumin to 
lml. of rabbit anti-bovine-serum albumin, serum la. 
@, Precipitate formed on addition of inhibitor alone; 
O, precipitate formed on addition of constant weight of 
bovine-serum albumin to supernatant from inhibitor 
precipitate. 
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precipitate the antibody from the supernatant, only 
one-quarter was precipitated in the absence of 
inhibitor and one-eighth in the presence of excess of 
inhibitor. Of the antibodies which precipitated 
with goat-serum albumin about one-half are able to 
combine with the inhibitor also. 

When serum from the same rabbit, after a further 
six injections of bovine-serum albumin, was tested 
quite different results were obtained. There was a 
slight precipitation with the inhibitor alone but it 
was too small to measure satisfactorily and may 
have been non-specific. As is shown in Fig. 4 the 
inhibitor was, however, apparently able to combine 
with all the antibody and there was complete in- 
hibition of precipitation with either bovine- or goat- 
serum albumin. If the straight-line portions of the 
graphs are extrapolated to complete inhibition, 
0-8 mg. of inhibitor is found to be required to 
inhibit 2-2 mg. of bovine-serum albumin. If the 
molecular weight of inhibitor is 12000 and of 
bovine-serum albumin 66 000, the molar ratio of 
inhibitor:serum albumin at complete inhibition is 
18:1. 

Reaction of inhibitor and antisera in agar gel 

It was observed that the inhibitor would form 
a visible opaque zone in agar gel when allowed to 
diffuse towards an antiserum with which it would 
not form a precipitate in free solution. Aggregates 
are apparently formed, which cause visible opacity 
in the gel. 


= 
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Wt. of antibody precipitated (mg./ml. of serum) 


l 
0 05 10 15 
Wt. of inhibitor added (mg./ml. of serum) 


Fig. 4. Amount of precipitate formed on addition of 
constant weight of serum albumin, in the presence of 
increasing weight of inhibitor, to rabbit anti-bovine- 
serum albumin, serum 1b. (1, Precipitate formed on 
addition of bovine-serum,albumin; @, precipitate formed 
on addition of goat-serum albumin. 
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The behaviour of the inhibitor was compared 
with that of bovine-serum albumin by the Ouchter- 
lony (1953) technique. Pl. 1 shows the results 
obtained when serum albumin and inhibitor were 
tested at three concentrations: 5, 0-5 and 0-05 mg./ 
ml. against undiluted serum 3 (8 mg. of antibody/ 
ml.). At the lowest concentration, hardly any 
opaque zone was detectable, but at the middle and 
higher concentrations a Y type of interaction can 
be seen which is very similar to that obtained when 
a comparison is made, by this method, of homo- 
logous and heterologous antigens (Ouchterlony, 
1953). Presumably a similar explanation holds. 
When serum albumin and antisera meet, all the 
antibodies are precipitated. When inhibitor and 
antisera meet, only a proportion of the antibodies 
precipitate ; some antibody unable to combine with 
inhibitor continues to diffuse until it meets the 
bovine-serum albumin front and precipitates there. 
This is the explanation offered for the behaviour of, 
say, bovine- and goat-serum albumin set up in the 
same way, but in our experiment we have the whole 
and part of the same protein, not two related pro- 
teins. 

Reaction of the inhibitor in vivo 

The power of the inhibitor to provoke anaphyl- 
actic shock in a guinea pig, which had been passively 
immunized 2 days earlier with rabbit anti-bovine- 
serum albumin, was tested by Dr H. J. Humphrey. 
The guinea pigs were challenged by intravenous 
injection of bovine-serum albumin or inhibitor at 
three concentrations, and it was found that shock 
oceurred with either substance and at the same con- 
centration levels, thus demonstrating that reaction 
with inhibitor had the same biological effect as with 
the whole molecule. 


DISCUSSION 


The experimental results suggest that the active 
fragment formed by chymotryptic digestion of 
bovine-serum albumin has been obtained pure. It 
appears to be homogeneous by electrophoresis and 
also in the ultracentrifuge, both as the monomer and 
the dimer. Only one N-terminal amino acid was 
found and it was present in approximately molar 
ratio, taking the molecular weight estimated by 
ultracentrifuge as 12000. It therefore seems 
probable that the effects observed are a property of 
this fragment with a molecular weight of 12000 and 
are not due to any contaminant. The recovery of 
activity was tested at each stage and there was very 
little loss of activity in any step. It is unlikely there- 
fore that any other active fragment was produced 
under the conditions of hydrolysis that have been 
used. There was, however, evidence that an active 
component moving faster on electrophoresis at 
pH 9-4 was formed when the digestion was carried 
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out at 37°. There was very little of this second 
active component, and it was not of significantly 
smaller size as it also would not diffuse through the 
18/32 cellophan sac. Similarly, the active product of 
tryptic digestion would not dialyse through the 
18/32 cellophan. When tested together there was no 
evidence to suggest that the three inhibitors from 
bovine-serum albumin had an independent and 
additive inhibitory power. Owing to the complexity 
of the antibodies in any antiserum interpretation is 
uncertain, but it would appear to mean that each 
inhibitor contained the same combining site or 
sites. This may be a reflexion on the amino acid 
distribution along the peptide chain which makes 
this section relatively resistant to certain enzymes 
and has caused essentially the same part of the 
antigen to be obtained in each case. Loss of activity 
by heating, or reduction of the disulphide bond, 
shows that the configuration is still an essential 
feature and, if this is generally true of the antigenic 
combining sites of native proteins, it explains the 
difficulty in producing small active fragments. 
Configuration at any point is likely to be controlled 
by arelatively large adjoining section of the protein. 
Failure to detect any change in inhibitory power 
when the monomer dimerizes shows that a large 
part of the inhibitor adjoining the free sulphydryl 
group must not take part in the combination with 
antibody as it will be blocked in the dimer. This 
section containing the sulphydryl group may well, 
however, contribute to the control of the con- 
figuration of the active site. Attempts to reduce the 
size of the inhibitor further, without loss of activity, 
have so far been unsuccessful, but negative results 
have little significance in this type of experiment. 

The finding that a short but detectable time is 
required between addition of inhibitor and antigen 
to achieve full inhibition, and that this is not 
reversed even after the reactants are allowed to 
remain together for long periods, suggests that the 
combination of inhibitor and antibody is irreversible 
or very slowly reversible. This is in agreement with 
the finding that full inhibition can be obtained with 
a molar ratio of inhibitor to antigen of as low as 
1-8:1. If the inhibition were competitive then a 
higher ratio would be expected and the same final 
result from mixing the same proportions of re- 
actants should occur whatever the order or time of 
addition of the different components to the system. 
This is in marked contrast to the result obtained 
when, in a complementary experiment, an inhibitor 
was produced by hydrolysis of an antibody (Porter, 
19506). Then it was found that a part of rabbit anti- 
ovalbumin would retain the power to combine 
with the antigen but the reaction was reversible in 
either direction. 

The variation in response of different antisera to 
addition of inhibitor emphasizes the complex 
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PLATE 1 


Comparison of behaviour of bovine-serum albumin (BSA) and inhibitor (1) on diffusion into antiserum in agar gel by the 
method of Ouchterlony (1953). Concentrations 5, 0-5 and 0-05 mg./ml. with both reagents. Centre cup contains rabbit 
anti-bovine-serum albumin. Photograph was taken after the plate had been standing for 5 days at 2°. 
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WHICH RETALNS THE ABLLITY TO COMBINE WITH RABBIT ANTISERUM 


Facing p. 684 


nd | 
tly 
the | 
of 
he | 
no 
om 
nd | 
ity 
id 7: 
nic 
ell, fo J 
to 
the 
ble 
ith 
as 
1a 
nal 
re- 
» of 
m. 
1ed 
tor 
er, 
ine 
> in 


¢ 
i 
a 
3 
| 
th 
ar 
th 
i 
th 
ff 
dir 
het 
tha 
exe 
wit 
As 
ser 
i 
tail 
the 
It 
bet 
and 

by | 
to 
anay 


Vol. 66 


mixtures of different types of antibody which must 
be present. It is possible to list different types of 
antibody from the reaction of different antisera 
with the inhibitor and with homologous and hetero- 
logous antigens. Thus there is (1) antibody unable 
to react with inhibitor or goat-serum albumin; 
(2) antibody which precipitates with inhibitor; 
(3) antibody which will combine but will not pre- 
cipitate with inhibitor; (4) antibody which will 
combine with goat-serum albumin but not with 
inhibitor; (5) antibody which will combine with 
inhibitor but not with goat-serum albumin; (6) 
antibody which will combine with both inhibitor 
and goat-serum albumin. 

By using other heterologous antigens further sub- 
division could be made, and it seems that all antisera 
contain a complex mixture of antibodies directed 
against different combining sites and different 
combinations of combining sites in the antigen. It 
is possible that properties of antisera such as avidity 
could be interpreted in terms of the proportions of 
antibodies directed against different numbers and 
types of antigenic combining sites. It is unlikely 
that any two antisera will be identical in the 
amounts of the different types which they contain, 
though the trend which has been observed of an 
increase in the proportion of antibodies able to 
react with a given site on continued immunization 
may be generally true. 

This is similar to the observation often made that 
the cross-reaction of antisera with a heterologous 
antigen increases with continued immunization. 
Two explanations of this phenomenon have been 
offered. One is that the antibodies formed are 
directed against an increasing number of antigenic 
combining sites, some of which are common to the 
heterologous and homologous antigens. The other is 
that the antibody-combining sites become a less 
exact fit for the antigen sites, and hence combination 
with similar but not identical sites becomes possible. 
As a very similar phenomenon has now been ob- 
served with a part of the homologous antigen con- 
taining one or more of the original combining sites, 
the first explanation seems to be more probable. 
It would follow that a distinction should be made 
between the potential combining sites of an antigen 
and the actual combining sites in relation to a 
particular antiserum or antibody fraction. 

The observation that the inhibitor is able to 
provoke anaphylactic shock in a passively sensitized 
guinea pig is in contrast with an earlier observation 
by Humphrey (unpublished). He found that the 
fragment of anti-ovalbumin which retains the power 
to combine with ovalbumin (Porter, 19506) will not 
passively sensitize a guinea pig to shock by sub- 
sequent injection of ovalbumin. The mechanism of 
anaphylactic shock is not understood, but it is 
possible that attachment of the antibody to certain 
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tissues is important and that the whole molecule is 
necessary for this to occur. When an antigen is 
injected it will presumably remain in solution until 
meeting the antibody, and only its power to react is 
being tested. The observation with the fragment of 
anti-ovalbumin that although it retained the power 
to combine with ovalbumin it could not sensitize 
a@ guinea pig to anaphylactic shock suggests that, 
though some biological activities may be a function 
of only a part of the molecule, others, in vivo, may 
necessitate the whole molecule. For example, the 
inhibitor, though still able to combine with anti- 
body, may have lost its power to stimulate anti- 
body formation when injected into a rabbit; owing 
to the amount of material required for the test this 
has not been investigated so far. 


SUMMARY 


1. Chymotryptic digestion of bovine-serum 
albumin in a dialysis sac produced a diffusible 
digestion product which retained the power to 
combine with rabbit anti-bovine-serum albumin. 

2. This product has been isolated, principally by 
zone electrophoresis. The N-terminal amino acid is 
phenylalanine. 

3. The molecular weight of the active fragment 
is about 12 000, but it readily dimerizes, probably 
through a free sulphydryl group. 

4. The reaction of this substance with different 
rabbit antisera has been studied and the results 
used to classify the different types of antibody which 
appear to be present in all antisera. 

5. This active fragment can provoke anaphyl- 
actic shock in a guinea pig passively immunized by 
injection of rabbit anti-bovine-serum albumin. 


I wish to thank Dr J. H. Humphrey for suggesting and 
carrying out the anaphylactic-shock experiments, Dr P. A. 
Charlwood for studying the molecular weight of inhibitor, 
Dr S. Jacobs for the amino acid analysis of the inhibitor and 
Dr G. H. Beaven for estimation of the tryptophan content; 
I also wish to thank Miss J. Morgan for her invaluable 
technical assistance throughout. 
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Polynucleotides. Partial Purification and Properties of a Polynucleotide 
Phosphorylase from Micrococcus lysodeikticus 


By R. F. BEERS, JUN.* 
Division of Biochemistry, Department of Biology, Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts, U.S.A. 


(Received 4 October 1956) 


The discovery by Grunberg-Manago & Ochoa 
(1955) of a polynucleotide phosphorylase in extracts 
of Azotobacter vinelandii prompted us to examine 
extracts of Micrococcus lysodeikticus for this en- 
zyme. The fact that the cells can be lysed under 
extremely mild conditions with egg-white lysozyme 
suggested that the problems of isolating the enzyme 
might be much simpler than those encountered in 
bacterial preparations requiring physical methods 
for disrupting the cell walls. 

The phosphorylase was first detected in alcohol 
extracts of M. lysodeikticus in experiments done in 
collaboration with Dr P. Olmsted. These studies 
were a repetition of the original experiments 
described by Grunberg-Manago & Ochoa (1955). 
Aqueous extracts catalysed the formation from 
14C-labelled adenosine 5’-diphosphate (ADP), in the 
presence of magnesium and at pH 8, of a 4C- 
labelled substance which failed to move on paper 
chromatography with the solvent [¢sobutyric acid— 
0-5N-aq. ammonia soln. (10:6, v/v)]. 

Further studies have been made on the isolation 
of the enzyme, on a more convenient and reliable 
enzyme assay and on the synthesis of large quanti- 
ties of polyadenosine monophosphate [poly A or 
(AMP),,]. Brief notes on various phases of the 
research have been published elsewhere (Beers, 
1956a, b, c). 


* Present address: Robert W. Johnson Laboratory, 
Bowles Research Fund, Children’s Hospital School, 
Baltimore 11, Maryland, U.S.A. 


MATERIALS 


The sodium salts of ADP, cytidine 5’-diphosphate, uridine 
5’-diphosphate and guanosine 5’-diphosphate were obtained 
from Pabst Laboratories, Milwaukee, Wisconsin. Inosine 
5’-diphosphate was obtained from Sigma Chemical Co., St 
Louis, Misscuri. 

METHODS 


Preparation of cells. A strain of Micrococcus lysodeikticus, 
no. 4698, obtained from the American Type Culture Col- 
lection, was grown in aerated submerged cultures according 
to the method of Beers (1955). The cells were harvested after 
48 hr. growth by means of the Sharples centrifuge. From 
20 1. of medium between 50 and 75 g. (dry wt.) of cells was 
usually obtained. These were washed three times with water 
and stored frozen in a deep-freeze. 

Preparation of the enzyme. The frozen cells were thawed 
and mixed with 2 vol. of 0-5% NaCl in a Waring Blendor at 
low speed. The pH was adjusted to 8-0 with KOH, and for 
each 50-75 g. (dry wt.) of cells the white of one egg was 
added to the suspension of cells and mixed thoroughly 
without frothing. (Control studies have shown no phos- 
phorylase activity in egg white or crystalline lysozyme.) 
Lysis was allowed to proceed at room temperature with- 
out further agitation. Lysis, which began promptly, 
was accompanied by a gradual thickening in the con- 
sistency of the cell mixture, a change in the colour from 
canary-yellow to yellow-green and the production of a 
mercaptal odour. Eventually, the preparation became a 
thixotropic gel. Lysis was considered to be complete 
when the preparation failed to adhere to the glass walls 
of the container. The entire process took 1-2 hr. Failure to 
observe these changes almost always indicated that the pH 
was too low. 
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At the end of lysis the preparation was stirred mildly in 
the Waring Blendor until the mixture had a syrupy con- 
sistency. It was then transferred to the 60 ml. Leucite 
(polymethyl methacrylate) tubes for the refrigerated Servall 
centrifuge and centrifuged for 1 hr. at 15 000 rev./min. The 
brown supernatant (approximately one-third of the 
mixture) was decanted and stored temporarily. The sedi- 
ment was homogenized in a small Waring Blendor head with 
approx. the same volume of 0-5% NaCl as was removed in 
the first supernatant, and then centrifuged as above. Both 
supernatants were combined for the next step. 

The crude extract was mixed with 2 vol. of saturated 
(NH,),SO,, previously brought to pH 8-0 with aq. NH, 
soln., and centrifuged at 15 000 rev./min. for 20 min. The 
sediment was dissolved in from 50 to 150 ml. of water and 
any insoluble material centrifuged. An equal volume of 
saturated (NH,),SO, was added and the precipitate collected 
by centrifuging. It was then dissolved in 50 ml. of 0-1m- 
K,HPO, containing mm-MgCl, and incubated for 1 hr. at 
37°. The purpose of this step was to phosphorolyse the 
ribonucleic acid present in this fraction. The preparation 
was then chilled to 0° and mixed with 2 vol. of saturated 
(NH,),SO,. The precipitate was collected by centrifuging 
as before and dissolved in from 25 to 50 ml. of water. The 
solution was dialysed overnight against 1-2 1. of 0-005m-2- 
amino-2-hydroxymethylpropane-1:3-diol (tris) buffer, pH 
8-0, the insoluble material removed by additional centri- 
fuging and the final product stored in the ice box or deep- 
freeze. 

Enzyme assay. In the absence of inorganic phosphate the 
enzyme can be assayed in any of the above steps including 
the first (Beers, 1956c). Duplicate 2 ml. solutions in 12 ml. 
clinical centrifuge tubes were made up of 0-5 ml. of each of 
the following (final concentration in parentheses) : enzyme 
solution; tris, pH 10 (0-025m); ADP (0-5mm); MgCl, 
(05-1 mm). For a blank reading the ADP solution was re- 
placed by water. The ADP solution was made from a stock 
solution of approxiiately 1% concentration brought to 
pH 8 with KOH or NaOH. 

The mixture was incubated at 37° for 10 min. and the 
reaction stopped by the addition of 2 ml. of 5% (w/v) 
HCIO,. The precipitated material was spun down in an 
International clinical centrifuge for 1-3 min., the super- 
natant discarded (or saved for the measurement of total 
mononucleotide content or orthophosphate), and the pre- 
cipitate washed once with 3 ml. of 5% HClO, and twice with 
95% ethanol. The washed pellet containing the precipitated 
polymer was suspended in 3 ml. of tris, pH 8 (0-1™), to 
dissolve the polymer and centrifuged to clear the solution. 
The optical densities of the control and incubated samples 
were measured at 257 mp, the region of maximum absorp- 
tion of poly A. In a typical preparation the optical density 
of the control was about 0-03-0-05, and of the incubated 
sample 0-5-1-0, corresponding to 0-1—0-2 mm-adenosine 
monophosphate polymerized or orthophosphate released/I. 
of the original assay mixture. 

Synthesis of polymers for physical studies. With each 
enzyme preparation the optimum conditions for synthesis of 
polynucleotides were found by a series of pilot experiments. 
The reaction mixture usually consisted of 6 ml. of 0-5% 
ADP previously brought to pH 8-0-8-5 with KOH, 0-1 ml. 
of 0-5 m-tris buffer (final pH 8-5), 0-5 ml. of 0-01 m-MgCl, and 
varying amounts of enzyme solution, but usually in the 
vicinity of 0-1-0-3 ml. The reaction was followed by measur- 


ing the increase in viscosity of the reaction mixture in an 
Ostwald viscometer (Fisher). The viscosity increased to a 
maximum value at the end of the synthetic reaction. The 
concentration of enzyme selected was that required to bring 
the viscosity increment to a maximum value in approx. 
4hr. Once the optimum conditions had been established, 
the experiment was repeated with proportionately larger 
volumes of materials containing up to 500 mg. of ADP. The 
viscosity increment may give some indication of the mole- 
cular weight of the polymer, although the viscosity is very 
sensitive to ionic strength, a variable not completely con- 
trolled in these experiments. Our best preparations have 
been obtained when the viscosity increment increased to 
about 5 at 37° with the Ostwald viscometer no. 200 (Fisher). 

The reaction was stopped by salting out the polymer with 
a small quantity of saturated salt solution, the best being 
(NH,).SO, (15% saturation), with higher concentrations 
required for NaCl and KCl. The polymer appeared first as a 
fibrous network which quickly collapsed and formed a clot 
which could be removed with a glass hook. It was washed 
successively in additional amounts of salt solution to 
remove the soluble proteins and mononucleotides, 75% 
ethanol to remove the salts, then 95% ethanol, absolute 
ethanol and ether to remove the water. Finally it was dried 
in vacuo. 

Chromatographic studies. The products of the polymeriza- 
tion reaction, as well as of competing enzyme systems, were 
separated by paper chromatography with the solvent: 
isobutyric acid—0-5N-aq. NH, soln. (10:6, v/v) (Krebs & 
Hems, 1953). The relative concentration of each substance 
was determined by eluting the material from the paper with 
hot 0-1 N-aq. NH, soln. and measuring the optical density of 
the eluate at 257 my. For an optical control a similar 
eluate was obtained from a control spot of the paper. 


RESULTS 


Enzyme purification. The major fraction of the 
phosphorylase is brought down over a wide region 
of (NH,),SO, saturation: 20-60%, with a peak in 
the vicinity of about 45%. Associated with this 
distribution is the nucleic acid fraction, which 
becomes appreciable beyond 50%. In early experi- 
ments, before the phosphorolysis step was intro- 
duced, it was necessary to keep the saturation with 
(NH,),SO, below 40 % in order to keep the concen- 
tration of nucleic acid down to a reasonable value. 
As a result the major portion of the enzyme was 
discarded. Many of the results described below, 
however, were obtained with such enzyme pre- 
parations. 

The yields of enzyme in terms of the probable 
original amount present in the intact cells have not 
been determined. However, it should be noted that 
the volume of enzyme solution obtained at the end 
of the purification process was frequently the same 
as or greater than that of the aqueous extract 
originally obtained. 

The presence of competing enzymes has been 
demonstrated by analyses of the reaction product 
with paper chromatography. An adenylate kinase 
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is present to an appreciable degree. For example, at 
the end of 1 hr. incubation at 37° in a reaction 
mixture of 1 ml. containing 0-33 mm-MgCl,, 0-01M- 
tris (pH 10), 3-3mm-ADP, and enzyme, the final 
percentages of substrates and products were 
polymer 23 %, adenosine triphosphate (ATP) 18 %, 
ADP 30% and AMP 29 %. The high value for AMP 
relative to ATP has been a consistent finding. 
Kinetics. The rate of synthesis of the polymer 
follows a zero-order curve for periods ranging from 
a few minutes to several hours, depending on the 
concentration of the enzyme. One such rate curve 
is illustrated in Fig. 1. The reaction proceeded at 
33° with mm-ADP, 1-5 mm-MgCl,, 12-5 mm-tris 


E 
j 
0 20 40 60 80 
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Fig. 1. Increase of poly A concentration with time. 
Optical density was measured at 257 mp. (See text for 
details.) 
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Fig. 2. Variation of rate of synthesis of poly A with enzyme 
concentration. Rate given as optical-density increment 
in 10min. x, Rate of synthesis in the presence of 
1-25 mm-BaCl, and MgCl,. (See text for details.) 


buffer, pH 8. The fall off in this experiment is 
probably an artifact, since as we shall show later 
the zero-order kinetics actually persist until the 
reaction is 80-90 % completed. 

The rate of synthesis is linearly proportional to 
the enzyme concentration, as shown in Fig. 2. In 
this experiment the temperature was 20°, ADP 
0-5 mm, MgCl, 1-25 mM, tris buffer (pH 8) 12-5 mm, 
Indicated on the curve with a cross is the corre- 
sponding rate of synthesis in the presence of both 
1-25 mm-BaCl, and MgCl,. 

Despite the fact that the rate follows a zero-order 
curve long after there has been an appreciable drop 
in the concentration of ADP (through both poly- 
merization and dismutation), the rate of synthesis is 
proportional to the initial concentration of ADP 
over a very wide range up to 10-?o. Fig. 3 illustrates 
this linear relationship. In this experiment the 
temperature was 37° with 1:5mm-MgCl, and 
12-5 mm-tris buffer, pH 8. 

Interrelationship of pH and MgCl,. Because of the 
experience of Grunberg-Manago & Ochoa (1955) 
many of our early studies were done at pH 8. 
However, it soon became apparent that the 
optimum pH was much higher and, in addition, was 
a function of MgCl, concentration and of the 
particular enzyme preparation. In Fig. 4 is plotted 
the rate of synthesis of polymer as a function of 
MgCl, concentration. The reaction was followed at 
37° and pH 8 with 1-5 mm-tris buffer and 3-33 mm- 
ADP. At low concentrations of MgCl, the rate is a 
linear function of the metal concentration ; at high 
concentrations the rate falls off progressively but 
appears to approach a minimum. The optimum 
concentration of MgCl, is seen to be approximately 
2 mM. 
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Fig. 3. Variation of rate of synthesis of poly A with adeno- 
sine diphosphate concentration. Rate given as optical- 
density increment in 10 min. (See text for details.) 
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Fig. 5 summarizes the results obtained by varying 
both pH and MgCl, concentration. These experi- 
ments were performed at 37° with 0-4mm-ADP, 
20 mm-tris buffer, total volume 2-5ml. The pH 
curve indicated by the open circles plots the results 
in 2 mm-MgCl, with an enzyme preparation which 
had not been dialysed after (NH,),SO, precipitation. 
The pH curve indicated by the open squares is 
a repetition of the above experiment after dialysis 
of the enzyme. The pH optimum has shifted from 
approximately 10 to 7-5 and the rate has decreased 
by about 35%. However, where the MgCl, concen- 
tration was reduced to 0-4 mm the pH curve indi- 
cated by the open triangles was obtained. The pH 


° 
3 
0 25 50 


MgCl, concn. (mm) 
Fig. 4. Variation of rate of synthesis of poly A with MgCl, 
concentration. Rate given as optical-density increment 
in 10 min. (See text for details.) 
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pH 
Fig. 5. Variation of rate of synthesis of poly A with pH. 
Rate given as optical-density increment in 10 min. 
O, Undialysed enzyme preparation with 2 mm-MgCl,; 
O, dialysed enzyme preparation with 2 mm-MgCl, ; 
A, dialysed enzyme preparation with 0-4 mm-MgCl,. 
(See text for details.) 
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optimum has shifted to beyond 10-5 and the re- 
action rate has increased 100%. 

The results given in Fig. 5 are representative of 
several similar experiments with different enzyme 
preparations. In general, the greater the degree of 
purification the lower the MgCl, concentration 
required. A recent preparation required only 
0-25 mm-MgCl, for maximum rate of synthesis 
(unpublished experiments). The effect of dialysing 
is reversible. Recent studies (Beers, 1957) have 
shown that the rate of polymerization of adenylic 
acid is dependent on the concentration of salt in the 
reaction mixture. The activity of a dialysed enzyme 
preparation can be increased tenfold in the presence 
of 0-2mM-KCl. Moreover, in the presence of high salt 
concentrations the rate of polymerization is no 
longer proportional to the substrate concentration, 
but shows a dependence on the substrate concen- 
tration which indicates that the salt is affecting the 
affinity of the enzyme for the substrate. 

Activation by other bivalent cations. At pH 9-5 in 
24 mm-tris buffer and 0-5mm-ADP the relative 
rates of synthesis with equivalent molar concentra- 
tions of bivalent cations (1-25 mmo) were as follows: 
Mg?*+, 1-00; Mn?+, 0-47; Ca?+, 0-20; Ba**, 0-12. 

Activation energy. At pH 8 in 12-5 m-tris buffer 
with mm-ADP and 1-5mm-MgCl, the effect of 
temperature was studied. From an Arrhenius plot 
(Fig. 6) an activation energy of 11-8 kcal. was 
obtained. 


20 


In (rate) 


0 
32 #3 34 35 


10°/T 

Fig. 6. Logarithm of the rate of synthesis of poly A as 
a function of the reciprocal of the absolute temperature. 
Rate is given as optical,density increment in 10 min. 
times some constant. 
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Equilibrium studies. The study of the equilibrium 
between ADP, inorganic phosphate and poly A is 
complicated by the presence of the adenylate 
kinase and other enzymes affecting one or more of 
the above compounds. It was not possible therefore 
to use the determination of the acid-insoluble and 
acid-soluble nucleotide as a measure of polymer and 
ADP respectively. We have, however, by chromato- 
graphic analyses made a few preliminary measure- 
ments of the ratios of polymer and ADP under 
varying conditions of pH, enzyme and MgCl, 
concentration. The hypochromic effect of poly- 
merization on AMP mentioned previously (Beers, 
1956b) and described briefly by Warner (1956) was 
not fully appreciated when these studies were made. 
Consequently the measurements obtained are only 
approximate. 

In a single series of experiments the ratio poly 
A:ADP at 37° and pH 7 was 0-31; at pH 8, 1-1; 
at pH 9, 1-45; at pH 10-6, 0-75. At pH 10-1 the 
ratios were 1-4 in 0-73 mm-MgCl,, 1-6 in 1-8 mmu- 
MgCl,, 1-4 in 3-6 mm-MgCl,, 1-3 in 7-3 mmM-MgCl,. 
Varying the concentration of enzyme or ADP did 
not alter the ratio. On the other hand, these 
variables did alter the final amounts of polymer, 
indicating that competing enzymes were at work. 
For example, the percentage of AMP increased 
from 33% at pH 7 to 63% at pH 9. Similarly, in- 
creasing the concentration of MgCl, from 0-73 mm to 
7-3 mM increased the percentage of AMP from 45 to 
62%. In contrast the percentage of ATP remained 
more or less constant (6-10% in the varying pH 
series; 2-5-5 % in the MgCl, series). 

Substrate specificity. The scarcity of other di- 
phosphate mononucleosides prevented any thorough 
study of the kinetics of polymerization of these 
compounds. At pH 10, 37°, in 0-7 mm-MgCl,, the 
relative rates of synthesis (uncorrected for differ- 
ences in extinction coefficients of the various 
polymers) were: cytidine 5’-diphosphate, 1-0; 
adenosine 5’-diphosphate, 0-53; uridine 5’-diphos- 
phate, 0-11; guanosine 5’-diphosphate, 0. 

Synthesis and isolation of polymer. Because the 
viscosity of a polymer solution is a function both of 
the weight concentration of the polymer and of the 
chain length, it was decided early to use this 
property of the reaction mixture as a measure of the 
success or failure of the synthesis. Fig. 7 illustrates 
one of several types of curves relating viscosity to 
time. The reaction mixture with a volume of 7-5 ml. 
contained approx. 0-15 unit of enzyme/ml. 
(assayed at pH 9-5 with 0-5 mm-MgCl,), 2-7 mm- 
ADP, 13 m-tris buffer, pH 9-5 (final pH 8-5) and 
was kept at 37°. We observed a rapid increase in the 
viscosity increment (open circles) to a maximum in 
35 min., followed by an abrupt fall which appears to 
be approaching a minimum. In a parallel experi- 
ment the optical densities of the acid-soluble and 
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acid-insoluble fractions (mononucleotides and 
polymer respectively) were determined (see Methods) 
at arbitrary dilutions to yield reasonable values. We 
observe the linear increase of polymer and decrease 
of mononucleotides up to the point where a plateau 
is reached and at which time there is a sudden drop 
in viscosity. Thus we are justified in using this peak 
in viscosity increment as a measure of the extent of 
the reaction. The rapid drop in viscosity is not 
accompanied by any abrupt change in the total 
amount of polymer. The extent of drop varies with 
the enzyme preparation as well as with its concen- 
tration. Not all enzyme preparations show the 
marked drop in viscosity at the end of the reaction 
and, indeed, different enzyme preparations ap- 
parently yield polymers of different molecular 
weights in differing yields. Table 1 records the 
experimental conditions and yields of various 
polymer preparations synthesized recently in 
another laboratory (Children’s Hospital School, 
Baltimore, Maryland). 

During the early period of the synthetic reaction 
the polymer is precipitated by HCIO, as a colloidal 
suspension, which can be centrifuged down with 
difficulty. Later in the course of the reaction the 
polymer precipitates out in a finely flocculent form, 
then as a network which becomes fibrous, coalesces 
and forms a clot. As the mixture is further incu- 
bated the reverse occurs. These changes parallel the 
viscosity changes but are not reflected in any 
marked drop in the total amount of polymer formed. 
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Fig. 7. Variation of viscosity increment (©), poly A 
concentration (A) and mononucleotide concentration 
(x) with time. (See text for details.) 
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Table 1. Experimental conditions for and yields of various polymers synthesized enzymically 
by polynucleotide phosphorylase 
Temp. 37°; pH about 8-2-8-7. Viscosity increment was measured in an Ostwald viscometer no. 200. 
Vol. of Total 
Polymer and reaction Diphosphate MgCl, Tris time of Final 
no. of mixture nucleotide concen. conen reaction Viscosity yield 
preparation (ml.) (%) (mm) (mm) (hr.) increment (%) 
Poly A 51 51 0-45 0-75 7-4 3-4 7-6 50 
Poly A 52 113 0-45 0-75 7-4 3-4 3-7 50 
Poly I 53 55 0-95 0-75 7-4 344 2-8 32 
Poly A 54 77 0-95 0-75 78 3-4 1-7 40 
Poly I 55 61 0-82 0-82 8-1 3-4 15 32 
Poly A 57 3-7 0-45 0-74 74 15 5-2 Not recorded 
Poly A 58 6-7 0-45 0-74 7-4 3 4:3 Not recorded 
Poly A 59 100 0-50 0-75 74 6 4-4 50 
Poly C 60 13-3 0-38 1-0 10-0 15 1-2 40 
Poly C 61 10 0-40 1-0 10-0 3-5 4-3 40 
In the early course of the reaction, after the addition DISCUSSION 


of salt to the reaction mixture the polymer appears 
as a colloidal suspension. Later it forms a very 
unstable suspension with a striking sheen, quite 
similar to the appearance of a crystalline protein 
solution and reflecting the formation of rod-like 
particles (crystals?) of polymer. However, after 
a varying interval of time, from a few seconds to 
a minute, the rod-like particles in the salt solution 
coalesce to form a fibrous network which collapses 
to give the characteristic clot. At the end of the 
synthetic reaction the polymer first forms a fibrous 
network from an amorphous precipitate, which 
then collapses to yield the clot without any inter- 
vening formation of a suspension of small rods. 

The purity of the adenylic acid polymers isolated 
in the manner described above has been checked 
with several criteria. An elementary analysis of 
one such preparation precipitated with NaCl and 
dialysed overnight against distilled water gave a 
nitrogen: phosphorus value of 4-8 (theory 5-0). 
More recent preparations have yielded values near 
4-9. From paper-chromatographic studies of solu- 
tions of poly A no mononucleotides could be 
detected. Hydrolysis with 0-1nN-NaOH yielded 
nothing but adenosine 2’- and 3’-phosphate. The 
possibility of protein contamination has not been 
completely ruled out. However, concentrated 
solutions of the polymer gave a negative Millon’s 
reaction and a faint xanthoproteic reaction. 
Shaking with chloroform failed to produce any gel 
interface typical of a protein contamination. If any 
protein is present it constitutes a trace contaminant. 
The concentration of endogenous nucleic acid 
present in the enzyme solution is infinitesimal, as 
shown by the fact that the optical density of the 
acid-insoluble fraction of the enzyme solution con- 
tributes less than 0-001 % to the optical density of 
the poly A solution. 

The physical properties of the polymer have been 
briefly described elsewhere (Beers, 19566) and will be 
discussed in greater detail in later papers. 


The validity of the assay as a measure of enzyme 
activity as described in this paper is substantiated 
by the experimental results. There remains, how- 
ever, the more important question of whether this 
method describes the actual kinetics of the poly- 
merization reaction. The quantity measured in this 
assay, the polymer concentration, is in fact the 
concentration of polyadenosine monophosphate 
present in the polymeric form (AMP), . The enzyme, 
however, catalyses the formation of chemical 
bonds between monomeric units and therefore the 
true measure of the activity of the enzyme should 
be some function of the bonds formed. Each poly- 
mer represents only n—1 bonds, where n is the 
number of monomeric units present in a linear 
polymer. Thus if we assume that the amount of 
polymer formed is a linear function of the number of 
bonds formed, the percentage error in excess of the 
true value is 100/(n—1). The extent of this error 
depends upon the value of n at the 10 min. interval 
of the assay. If the addition of monomeric units is 
constant this assay should detect a deviation from 
the linear rate at the origin, provided the value of 
n is not too large to swamp out the initial deviation. 
An examination of the result obtained with this 
assay shows no deviation. Therefore we conclude 
that throughout the range measured by this assay 
n is large. The results of Grunberg-Manago, Ortiz & 
Ochoa (1956) show no initial deviation of the rate 
curve as determined by the assay by release of 
phosphate. 

A second source of error analogous to the above 
arises from the hypochromic effect of polymeriza- 
tion on the ultraviolet absorption of the nucleotide. 
However, for the same reasons given above, this 
apparently makes no contributory error to precision 
of the assay. 

The following equation describes the rate of 
synthesis of the polymer from ADP: 


d[poly A]/dt=k, [E] [ADP], (1) 


44-2 


57 
nd 
i) 
au | 
of 
Lot 
ith | 
: 
on 3 
lar 
he 
he 
ny : 
ion 


692 R. F. BEERS, JUN. 1957 


where [poly A] is the concentration of the polymer 
in terms of moles of mononucleotide units, [E] is 
the enzyme concentration, [ADP], the initial sub- 
strate concentration and k, the specific reaction 
rate or bimolecular constant for the synthesis of the 
polymer. Since 


d[poly Aj/dt= 


where [ADP], is the concentration of ADP at time ¢, 
then if we specify that [ADP], is one-half of [ADP],, 
we obtain from eqns. (1) and (2) the expression 


1/t, = 2k,[E], (3) 


where ¢, is the time required for one-half of the sub- 
strate to be polymerized. We can therefore define 
a unit of enzyme in terms of k,[E] and state that 
when ¢, is 1 min. (or any other unit of time) k,[E] is 
one unit. Unless future studies indicate a different 
choice of parameters, we propose that t, be in 
minutes and the unit volume be 1 ml. Thus in the 
event that k, does become known, the problem of 
conversion is simple. 

A simple conversion of this unit into that de- 
scribed by Grunberg-Manago et al. (1956) based on 
phosphate release is not possible because under 
their conditions of assay with 10mmM-ADP we 
cannot be certain that the rate is proportional to 
the initial concentration of substrate. However, 
assuming that it is, an ‘Ochoa unit’ is equivalent to 
one-seventy-fifth of the unit described above. 
(lymole of pyrophosphate is released from 10 p- 
moles of ADP/15 min.) 

In terms of classical enzyme kinetics the poly- 
merization reaction has one striking inconsistency. 
The rate of synthesis is proportional to the initial 
concentration only of the ADP. However, it must 
be kept in mind that the polymer is also a subtrate 
in this scheme. A self-consistent picture of the 
polymerization process must include in addition to 
the above the synthesis of exceptionally large 
molecules (n= 2700-5400) and an unusually small 
affinity of the enzyme for ADP. The following is one 
possible description of the mechanism of polymeri- 
zation. 

The first step in the polymerization reaction is the 
formation of a dimer. The rate and amount formed 
is proportional to the initial concentration of 
monomer-—enzyme complex. The affinity of the 
enzyme for the monomer is very small (K,, > 10 mm). 
Since polymerization extends beyond dimerization 
the affinity of the enzyme is presumably greater for 
the dimer than for the polymer. Therefore the 
distribution will be strongly in favour of the enzyme-— 
dimer complex. Further quantities of monomer— 
enzyme complex become vanishingly small as the 
concentration of monomer is decreased. The system 
now consists of monomer and an equilibrium 


mixture of free enzyme, enzyme—polymer complex 
and polymer. The rate of polymerization or of 
addition of monomer to the polymers is determined 
by the concentration of the polymer—enzyme 
complex. Since no dimers are now being formed, 
this is a constant quantity. If the affinity of the 
enzyme for the polymer and the rate of addition of 
the monomers to the polymer are independent of the 
molecular weight of the polymer, the rate of poly- 
merization must be constant and therefore inde- 
pendent of the concentration of monomer. 

We may write the equilibrium expression of the 
phosphorylase reaction in one of two forms: 


K,=[ADP}/[P] [(AMP),], (4) 
K,=[ADP}/[P] (n—1) ((AMP),], (5) 


where n is the number of monomeric units in the 
polymer (AMP),, K, is the equilibrium constant 
for the system in which only the end groups of the 
polymer are phosphorylated, and K, is the equi- 
librium constant for the system in which all of the 
internucleotide bonds are phosphorylated. (For 
simplicity of presentation, we shall assume that the 
polymer is monodispersed.) The equilibrium de- 
scribed by (4) requires that the major portion of the 
polymer be inert and that the distribution of poly- 
mer, monomer and phosphate be determined by the 
total number of polymers, irrespective of the 
molecular weight of the polymer. Thus to describe 
accurately the equilibrium one cannot use the poly 
A:ADP ratio, since this ratio is independent of the 
equilibrium. A comparison of the results obtained 
by Grunberg-Manago et al. (1956) and those given in 
Table 1 do not show any striking variations in this 
ratio. However, we cannot be certain that equi- 
librium was reached in every instance. The equi- 
librium described by (5) requires that the distribu- 
tion of polymer, ADP and phosphate be determined 
by the total number of bonds formed. 

From (4) and (5) we note that K,=K,/(n—1). 
Thus the calculated free energy of this reaction can 
vary by as much as 9-2 keal. for a polymer with a 
molecular weight of 2 x 10°, depending upon the 
mechanism of phosphorolysis. For the equilibrium 
described by (4) the amount of polymer formed is 
independent of and, indeed, incidental to the free 
energy of the reaction. It is important to keep these 
considerations in mind when speculating about the 
biological role of nucleic acid and of the newly 
discovered enzyme, polynucleotide phosphorylase. 

The interesting relationship between magnesium 
chloride and pH suggests that a competing enzyme 
for ADP may be present. Magnesium is, of course, 
an activator for phosphatases and adenylate kinase. 
However, the effects observed are too small to be 
areflexion of the small changes in the initial concen- 
tration of ADP. Moreover, the inhibitory action of 
magnesium at high concentrations can also be 
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demonstrated in the phosphorylase reaction (un- 
published experiments). An additional possibility 
is a ribonuclease activated by magnesium at lower 
pH ranges. The dialysable factor is probably a 
magnesium-binding agent, possibly a nucleotide. 
The S-shaped curve at 0-4 mmM-magnesium chloride 
is symmetrical, with a point of inflexion at pH 9-38. 
The curve fits reasonably well the Henderson— 
Hasselbalch equation with some deviations at the 
extremes. It is interesting to note that other 
bivalent cations also activate this enzyme system. 
However, until the enzyme preparations are purified 
more completely, these activation effects must be 
interpreted with caution. It is possible that the 
activation occurs through a competition for cation- 
binding agents. This may result in a release of 
bound magnesium and an increase in the available 
concentration of magnesium, thereby producing an 
activation effect. The lack of inhibition by barium at 
pH 8 suggested that the reaction might be driven 
to the right by precipitating the inorganic phos- 
phate. However, experiments have shown this to 
be impossible. 

Any comparison of the results obtained in 
Dr Ochoa’s Laboratory and ours is at present 
premature. A comparison of the methods used by 
the two Laboratories for preparing the enzyme and 
for studying its properties will show why this is 
true. In both their assays and polymer-synthesis 
studies Grunberg-Manago et al. (1956) used concen- 
trations of ADP ten times as large as those used in 
our studies. Therefore the kinetics observed in the 
two laboratories may be unrelated. This is particu- 
larly true when the relative values of the enzyme 
units are considered. 


SUMMARY 


1. A polynucleotide phosphorylase enzyme has 
been obtained from extracts of lysed cells of Micro- 
coccus lysodeikticus and partially purified by 
fractionation with ammonium sulphate and phos- 
phorolysis of the bacterial nucleic acid. 

2. An assay for the enzyme has been developed 
based on the acid-insoluble character of the poly- 
nucleotide. The rate of synthesis of the polymer of 
adenosine monophosphate is proportional to the 
enzyme concentration and to the initial concentra- 
tion of adenosine diphosphate (ADP) up to 10-?m. 

3. The rate of synthesis of polymer follows zero- 
order kinetics over 80-90% of the reaction; an 
apparent equilibrium is reached which is in favour 
of the polymer to the extent of about 60%. 

4. The viscosity increment of the reaction 
mixture follows the synthesis of the polymer and 
reaches a maximum value when the net synthesis 
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of the polymer has stopped. Subsequently there is 
a drop in viscosity which is not associated with any 
decrease in the amount of polymer formed. 

5. The reaction requires magnesium. At low 
concentrations of magnesium the rate of synthesis is 
proportional to the magnesium concentration; at 
high concentrations the reaction is inhibited by the 
metal. The optimum magnesium concentration is 
low at high pH, high at low pH, and is dependent to 
some degree on the particular enzyme preparation. 

6. The pH optimum depends on the magnesium 
concentration and varies from 7 or below at high 
magnesium concentration to above 10-5 at low 
magnesium concentration. An apparent pK exists 
near 9-38, with 0-4 mM-magnesium chloride, but the 
value of the pK depends upon several factors. 

7. The activation energy at pH 8-1 is 11-7 kcal. 

8. The relative rates of synthesis of polymers 
are: cytidine 5-diphosphate, 1-0; adenosine diphos- 
phate, 0-53; uridine 5’-diphosphate, 0-11; guanosine 
diphosphate, 0. 

9. The enzyme is also activated by manganese, 
calcium and barium, but these activation effects 
may be the result of their interaction with cation- 
binding agents in the enzyme preparation. 

10. A proposed mechanism of polymerization is 
suggested, based on a high affinity of the enzyme for 
the polymer and a low affinity for the monomer. 

11. The significance of the back reaction is con- 
sidered in relation to the equilibrium of the phos- 
phorylase—polymerase reaction. The interrelation- 
ships of the equilibrium constant and such para- 
meters as yield of polymer, molecular weight and 
free energy of the reaction are discussed. 

This investigation was supported by research grant 
C-2550 from the National Cancer Institute of the National 
Institutes of Health, Public Health Service, U.S.A. The 
author wishes to acknowledge the technical assistance of 
Mrs G. Olson. The unpublished experiments referred to in 
this paper as well as the experiments described in Table 1 
have been performed in the Robert W. Johnson Laboratory 
with the support of the Bowles Research Fund, Children’s 
Hospital School, Baltimore, Maryland. 
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Incorporation of Radiophosphorus into Nucleic Acids 
of Vitamin B,,-Deficient Rat Tissues 


By P. R. VENKATARAMAN anp C. P. BARNUM 
Department of Physiological Chemistry, University of Minnesota Medical School, 
Minneapolis, Minnesota, U.S.A. 


(Received 19 November 1956) 


In an earlier study (Venkataraman & Friedell, 
1954) it was observed that rats which received 
iodinated casein in the diet to accentuate the effect 
of dietary vitamin B,, deficiency incorporated 
more *?P into the ribonucleic acid (RNA) of liver 
than did normal controls. Administration of 
vitamin B,, to such rats resulted in a fall in the #2P 
concentration of the RNA to values comparable 
with those of normal controls. These findings could 
be due to the combined effects of the altered 
thyroxin and vitamin B,, levels in the tissues. 
Various thyrotoxic substances have been shown to 
produce a marked decrease and alteration in the 
structure of the cytoplasmic basophilia of the liver 
tissue (Stenram, 1953; Pirozynski & Bertalanffy, 
1953). They also influence the total content of RNA 
of rat liver and its regenerative capacity on partial 
removal (Canzanelli, Rapport & Guild, 1949; 
Drabkin, 1950). Therefore it became important to 
produce an uncomplicated vitamin B,, deficiency in 
order to be able to assess the influence of the vitamin 
B,, on the incorporation of *?P into tissue nucleic 
acids. This was accomplished by using animals 
obtained from mothers who had been kept on a 
soya-bean oil—corn meal diet deficient in vitamin 
B,, during the last 10 days of pregnancy and during 
the lactation period. The main objective of the 
present study has been to examine, with the aid of 
appropriate dietary controls, whether vitamin B,, 
will exert any influence per se on the incorporation 
of *2P into the nucleic acids of rat liver, intestine 
and spleen. The body of evidence presented here 
indicates that vitamin B,, appears to have a direct 
role in the incorporation of *?P into deoxyribonucleic 
acid (DNA) of the rat spleen. 


EXPERIMENTAL 


Animals and diets 


Weanling rats (black-back strain, bred in the laboratory 
of Professor M. O. Schultze, College of Agriculture, Uni- 
versity of Minnesota) 25-30 days’ old, born to mothers 
maintained on vitamin B,,-deficient diet (A) during the last 
11-12 days of pregnancy and during lactation, were used in 
these experiments. Diet A consisted of ground yellow-corn 


meal 45-5 g., soya-bean-oil meal (solvent-extracted, 44% of 
protein) 45-5 g., corn oil 3 g., wheat-germ oil 2 g., salts 
(U.S.P. XITI) 2 g. and a sucrose—vitamin mixture (Register, 
1954) 2g. The mothers during pregnancy and lactation 
received 2 drops of oil percomorphum weekly. The young 
had access to diet A until they were weaned, after which 
they were placed on the deficient diet B. This diet consisted 
of soya-bean-oil meal 72 g., gelatin 5g., pure lard 4g,, 
sucrose 13 g., salts (U.S.P. XIII) 4 g. and a sucrose—vitamin 
mixture 2 g. The sucrose—vitamin mixture used in diet B 
contained choline chloride 100 mg., thiamin hydrochloride 
0-6 mg., pyridoxine hydrochloride 0-6 mg., riboflavin 
1-0 mg., calcium pantothenate 5 mg., niacin 4 mg., folic 
acid 0-02 mg., biotin 0-02 mg., p-aminobenzoic acid 30 mz., 
inositol 40 mg., tocopherol 0-5 mg. and menadione 0-6 mg. 
In addition, the animals received 2 drops of oil percomor- 
phum weekly, diluted 1:4 with corn oil. The diets were 
prepared at frequent intervals and stored in the cold room. 
Attempts to feed diet B to pregnant mothers resulted in 
70% mortality of the young within 48 hr. after birth, 
evidently due to severe vitamin B,, deficiency (Halverson & 
Schultze, 1950; Dryden, Hartman & Cary, 1952), whereas 
with diet A the infant mortality was only about 30-40 %. 


Treatment of animals 


Weanling rats, of both sexes, born to mothers on diet A 
were distributed into three groups, care being taken to 
ensure that each group was composed predominantly of 
males. All three groups received the deficient diet B. 
Group II was pair-fed against group I, but in addition 
received vitamin B,, intraperitoneally three times weekly in 
amounts to provide 0-6 ug. of the vitamin/rat/day. In the 
place of the vitamin, group I received similar injections of 
normal saline. Group III received similar amounts of 
vitamin B,,in the same way as group II but was fed ad lib. 
All animals were housed in individual cages with raised- 
screen bottoms in an air-conditioned room. At the end of 
8 weeks and on the last day of the experiment, after a 
previous fasting for 12-14 hr., the animals were injected 
intraperitoneally with approximately 0-5 yo of radioactive 
inorganic phosphate (supplied as H,**PO, by the Oak Ridge 
National Laboratory, on allocation from the U.S. Atomic 
Energy Commission) in normal saline/g. of body wt. At 
specified intervals of time, after injecting **P, the animals 
were anaesthetized with ether and exsanguinated. The 
tissues were rapidly removed and dropped into beakers 
chilled in ice. In experiments involving the isolation of 
DNA from liver (48 hr. period), the animals were injected 
with *2P and had access to food and water, except for 14 hr. 
before killing. 
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Preparation of tissues and methods of analysis 

Liver. The livers were blotted to remove adhering blood, 
weighed on a torsion balance and passed through a tissue 
press. The pressed tissue was homogenized and fractionated 
according to the procedure of Barnum and co-workers 
(Huseby & Barnum, 1950; Barnum, Nash, Jennings, 
Nygaard & Vermund, 1950; Barnum & Huseby, 1950; 
Vermund, Barnum, Huseby & Stenstrom, 1953). The 
samples obtained were the nuclear fraction (1400g for 
4min.), the microsomal fraction (23 000 g for 85 min.), the 
ultrasedimentable particles (95 000g for 60 min.) and the 
non-sedimentable supernatant of this fraction. 

From each of these fractions RNA was isolated and 
purified. In the 48 hr. experiment for the isolation of DNA, 
the homogenate was spun at 1400 g for 4 min. and the cyto- 
plasmic supernatant was discarded. The sediment, without 
any further treatment, was used directly for the isolation of 
DNA (Vermund e¢ al. 1953). Portions of the homogenate 
were used for the determination of total RNA and DNA by 
the procedure of Schneider (1945), and for isolation of the 
acid-soluble phosphorus. 

Intestine. The small intestine, from the duodenum to the 
end of the ileum, was removed from each animal and any 
extraneous tissue was peeled off. The intestine was cut into 
four pieces and washed gently with 0-9% NaCl (pH 7-2) 
from a syringe. The pieces were pressed between the folds of 
a sterile gauze, cut with scissors into very small pieces, and 
weighed rapidly on a torsion balance and homogenized with 
4 vol. of ice-cold 10% trichloroacetic acid (TCA). Portions 
(1ml.) were removed for estimation of RNA and DNA 
(Schneider, 1945). Duplicate portions of the homogenate 
(6-10 ml.) were pipetted into 15 ml. centrifuge tubes for 
isolation of acid-soluble phosphorus, RNA and DNA. These 
samples were allowed to stand in the ice-box for 1 hr. and 
then spun. The supernatant was saved for the determination 
of the specific activity of acid-soluble phosphorus. The 
sediments were washed three times with cold 5% TCA and 
the washings were pooled with the supernatant of the first 
extract. The residue was rapidly stirred with 5-10 ml. of 
cold 0-9% NaCl (pH 7-2) and centrifuged in the cold. The 
supernatant was discarded and the residue was freed from 
the phospholipids by extracting three times with boiling 
ethanol-ether (3:1, v/v). The phospholipid-free residue was 
washed once with ether and the nucleoprotein residue was 
dried in a desiccator. RNA and DNA were isolated from the 
dry material by the procedure of Vermund et al. (1953). 

Spleen. After being weighed on a torsion balance, the 
tissue was extracted with 4 vol. of 10% TCA and treated in 
the same manner as the intestine for isolation of acid-soluble 
phosphorus, RNA and DNA without duplicates. No 
—Ti—, were drawn for the determination of total RNA and 

Measurements of *1P and #*P. The phosphorus content and 
radioactivity were measured as described previously 
(Barnum & Huseby, 1950). 

Calculations. The specific activity of each sample was 
calculated (Schulman & Falkenheim, 1950) as the biological 
concentration coefficient as follows: 


(counts/min./m-mole of P) x 100 
Administered counts/min./g. of body wt.” 


Since the biological concentration coefficient of the acid- 
soluble phosphorus of the various tissues at the specified 
time intervals showed no statistically significant difference 
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between the three groups of rats, the values reported in this 
paper refer to the relative specific activity, which is defined 
as follows: 
Biological concn. coefficient of organic compound x 100 
Biological conen. coefficient of acid-soluble phosphorus” 


This relative specific activity served as the basis of com- 
parison between the different samples to evaluate the 
effect of vitamin B,, on the incorporation of **P into organic 
compounds. Since the possible variations of different 
parameters under different dietary and time conditions are 
being examined, the analysis of variance has been used in 
evaluating the effects of vitamin B,, statistically. 


RESULTS AND DISCUSSION 


Body weights, tissue weights and the concentration 
of deoxyribonucleic and ribonucleic acids in tissues 
In Table 1 data concerning the gains in body 
weights, tissue weights and the concentration of 
DNA and RNA in tissues are summarized. The 
significant increase (P <0-01) in the growth rate of 
vitamin B,,-supplemented rats fed ad lib. over those 
of deficient and pair-fed supplemented groups has to 
be ascribed largely to the increased food intake 
(Black & Bratzler, 1952) and a rise mainly in the 
body fat content (Knoebel & Black, 1952). From 
our observations, it appears that vitamin B,. has 
no growth-promoting activity in the pair-fed rats. 
Since the differences in the growth rates of the 
deficient and supplemented groups fed ad lib. are 
not as large as those observed by Ling & Chow 
(1952), we feel that our observations are pertinent 
to a relatively mild state of vitamin B,, deficiency. 
The weights of liver, intestine and spleen expressed/ 
100 g. of body wt. showed no statistically significant 
difference between the groups, although in the 
deficient animals (group I) the liver weight tended 
to be heavier. Vitamin B,, deficiency appears to 
have no effect on the concentration of DNA and 
RNA of the tissues examined, whether the results 
are expressed per unit wt. of tissue or per organ 
adjusted to 100 g. of body wt. The values for spleen 
DNA were calculated from the phosphorus content 
of DNA samples isolated for evaluation of specific 
activity, as sufficient material was not available for 
determination of total DNA. It has been observed 
by Rose & Schweigert (1952) that vitamin B,, has 
no effect on the concentration of DNA and RNA per 
unit weight of the spleen. Our observations that 
vitamin B,, deficiency has no effect on the concen- 
tration of liver RNA and DNA is supported by the 
experiments of Bruemmer, O’Dell & Hogan (1955) 
on vitamin B,,-deficient young rats. Recently 
Wong & Schweigert (1956) pointed out that, 
whether the vitamin deficiency was uncomplicated 
or produced by the aid of iodinated casein, there 
was a significant reduction ia both liver DNA and 
RNA per unit weight of the tissue. In the absence of 
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Table 1. Growth, tissue weights and nucleic acid content of vitamin B,,-deficient and -supplemented rats 
Values are the averages for the numbers of animals shown in parentheses. 


Values of F from analysis 
of variance* 
Required for for 

Deficient Pair-fed Fed ad lib. significance 

(group I) (group IT) (group III) Observed at 0-01 level 
Vitamin B,, supplement eee 0 + + 
Gain in body wt. (g.) 114 (14) 101 (11) 154 (15) 16-037 5-21 
Liver (g./100 g. of body wt.) 3-25 (14) 2-95 (11) 3-08 (14) 1-81 5-25 
Intestine (g./100 g. of body wt.) 2-00 (10) 2-31 (7) 1-79 (12) 3-86 5-45 
Spleen (mg./100 g. of body wt.) 245 (10) 265 (7) 244 (12) 1-07 5-45 

RNA content 
Liver (mg./g. fresh wt.) 8-12 (13) 8-23 (11) 8-67 (15) 2-77 5:25 
Liver (mg./100 g. of body wt.) 26-4 24:3 6-7 _ oe 
Intestine (mg./g. fresh wt.) 6°88 (10) 6-28 (8) 6-26 (12) <l 5-49 
Intestine (mg./100 g. of body wt.t) 13-8 14:5 11-2 
DNA content 

Liver (mg./g. fresh wt.) 2:58 (13) 2-68 (11) 2-75 (15) 3-19 5:25 
Liver (mg./100 g. of wt.t) 8-22 7-91 8-47 
Intestine (mg./g. fresh wt.) 12-39 (10) 11-79 (8) 11-76 (12) <l 5-49 
Intestine (mg./100 g. of body wt.t) 24-8 27-2 21-1 _— — 
Spleen (mg./g. fresh wt.§) 6-15 (10) 7-20 (7) 7-19 (9) 1-99 5-66 


* The means, under each heading, for the three different groups were tested for equality with the analysis of variance. 

{ This observed F value is sufficiently significant to warrant comparison of the differences between pairs of means. 
Group I against II, P> 0-05; group I against III, P<0-01; group II against III, P<0-01. 

These values were obtained by multiplying the mean nucleic acid content/unit wt. of tissue by the mean tissue wt.| 


100 g. of body wt. 


§ These values were calculated from the phosphorus content of DNA isolated for evaluation of specific activity. Only 


about 40% of the DNA of spleen was isolated. 


cytochemical data on various tissues in the present 
work, it appears futile to attempt to examine the 
disparity between our results and those of Wong & 
Schweigert (1956). 


Incorporation of **P into ribonucleic acid 

It may be seen in Table 2 that liver RNA, 
derived from other fractions than the microsomes, 
did not show significant differences between the 
three experimental groups when compared by an 
analysis of variance. With microsomal RNA the 
analysis indicated border-line significance and 
suggested a possible difference between groups I 
and III, but not between groups I and II. These 
equivocal conclusions with regard to the effect of 
vitamin B,, on liver RNA metabolism may be con- 
trasted with the marked inhibition of *2P incorpora- 
tion into liver nuclear RNA in folic acid deficiency 
in the monkey (Lowe & Barnum, 1952). If vitamin 
B,, deficiency is affecting the metabolism of liver 
RNA at all it certainly does not appear to be causing 
an increased incorporation of *#2P. Thus it would 
appear that the previous observations (Venkatara- 
man & Friedell, 1954) on the increased incorpora- 
tion of **P into liver RNA of vitamin B,,-deficient 
animals fed on iodinated casein was probably due 
to induced hyperthyroidism (Fraenkel-Conrat & Li, 
1949). 


In sharp contrast with liver, the incorporation of 
32P into the RNA of intestine and spleen (Tables 3 
and 4) in vitamin B,,. deficiency (group I) is in- 
hibited significantly, by 30-50% during the time 
intervals studied, in comparison with the animals 
fed ad lib. (group III). Likewise the rate of in- 
corporation of *2P into the RNA of the intestine and 
spleen of pair-fed animals (group II) was signifi- 
cantly reduced in comparison with group III but 
did not, however, differ from the deficient rats 
(group I). It may be pointed out that the animals 
of group III consumed considerably more food 
daily and also exhibited a greater gain in body 
weight than groups I and II during the experimental 
period. These results therefore indicate that vitamin 
By probably acts indirectly in maintaining the 
normal turnover of RNA in intestine and spleen 
rather than being directly involved in some manner 
with RNA turnover. If the latter were the case, 
a more rapid rise in incorporation of **P into the 
RNA of the tissues would have been expected in the 
pair-fed rats (group IT). 


Incorporation of **P into deoxyribonucleic acid 

The relative specific activity of liver DNA, 
48 hr. after the administration of 32P, reveals no 
difference among the three groups of rats (Table 2). 
The failure to observe any differences in the radio- 
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Table 2. Effect of vitamin By, deficiency and supplementation on the relative specific activity of deoxyribo- 
nucleic acid phosphorus and ribonucleic acid phosphorus derived from various cell fractions of the rat 


For calculation of relative specific activity see text. Group I was vitamin-deficient, group II was pair-fed and group III 


was fed ad lib. 
Values of F from analysis 
of variance* 
ions Time (br.) ‘ Required for 
Group Vitamin B,, A significance 
no. supplement 1 2 48 Observed at 0-01 level 
RNA from nuclear fraction 
I 0 11-4 (3) 30-7 (3) ame 
I + 19-5 (2) 33-2 (3) =| 1-40 6-93 
Ill + 14-2 (4) 36-4 (3) om 
RNA from microsomal fraction 
I 0 0-09 (3) 0:57 (3) a 
Il + 0-13 (2) 0-70 (3) =} 6-84} 6-93 
Til + 0-13 (3) 1-15 (3) 
RNA from ultrasedimentable particles 

I 0 0-10 (3) 0°75 (3) a 
II + 0-31 (2) 1-05 (3) =| 2-24 6-93 
Til + 0-18 (4) 1-47 (3) — 

RNA from non-sedimentable supernatant 
I 0 1-38 (3) 3-60 (3) = 
II + 1-32 (2) 4-25 (3) _ 4-37 6-93 
Til + 1-48 (4) 6°15 (3) 

DNA 

I 0 we 4-10 
II + 3-99 (3) <1 10-92 
Til + 3-96 (3)) 


* Differences among the means of the relative specific activities of the RNA of various liver-cell fractions were tested for 
significance by the analysis of variance with unweighted means for a two-way classification (diet x time). Variations caused 
by time differential were removed from the analysis. Since no time variation is involved in DNA figures, the differences 
among the means of the three groups were evaluated as indicated in Table 1. 


+ This F value is near enough to being signifi 
group II against III, P> 0-01; group I against III, P<0-01. 


ificant to warrant comparison by groups: group I against II, P>0-01; 


activity of liver DNA, in contrast with the observa- 
tions on intestine and spleen, might be explained on 
the basis that under conditions of relatively mild 
deficiency, as was obtained in the present work, 
more vitamin B,, was retained in the liver than in 
the spleen. The fact that liver binds vitamin B,, 
in a tenacious manner is well known (Schilling, 
1955). Moreover, the mitotic activity of liver is 
very low compared with that of intestine or spleen 
and the effect of vitamin B,, deficiency on DNA 
synthesis might well be more pronounced in tissues 
with a high mitotic rate. 

As seen in Table 3 there is a significant reduction, 
about 40 % at 4 hr., in the relative specific activity 
of intestinal DNA in the deficient group in com- 
parison with the group fed ad lib. However, in 
the pair-fed rats, the relative specific activity did 
not differ significantly from the deficient group. 
This implies an indirect effect of vitamin B,, 
associated with consumption and utilization of food 
rather than a direct effect on DNA synthesis. The 
interpretation of the relative specific activity of the 


intestinal DNA is complicated by the fact that this 
tissue is composed of cells with highly different rates 
of division and the cells are destroyed on a large 
scale. It has been shown that essentially all the 
DNA synthesis occurs in the crypts, and that the 
cells of the epithelium are continuously replaced by 
cells that have been newly formed in the crypts 
(Leblond, Stevens & Bogoroch, 1948). 

The effect of vitamin B,, deficiency and supple- 
mentation on the relative specific activity of the 
spleen DNA is presented in Table 4. In the deficient 
animals the relative specific activity, at all the time 
intervals studied, is 5-8 times (P < 0-01) lower than 
the pair-fed group and the group fed ad lib. (II and 
IIT), which showed no difference in their relative 
specific activities. The very high specific activity 
of the DNA in the pair-fed group and group fed 
ad lib. is evidently associated with rapid cell division 
in the lymphopoietic cells (Jolly & Rosello, 1909; 
Andreasen, 1943; Andreasen & Ottsen, 1945). 

A direct correlation between the renewal of DNA 
phosphorus and cell division has been implicated 
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(Stevens, Daoust & Leblond, 1953; Daoust, 
Bertalanffy & Leblond, 1954; Barnum, Huseby & 
Vermund, 1953). The decreased relative specific 
activity of spleen DNA in the deficient group in 
comparison with the pair-fed controls, and in 
intestinal DNA in the deficient group in comparison 
with the controls fed ad lib., with no apparent 
change in DNA content or in the specific activity of 
acid-soluble phosphorus suggests that vitamin B,, 
deficiency has in some way (directly or indirectly) 
interfered with DNA synthesis to a considerable 
degree in these tissues. This view is consistent with 
the observations of Schweigert, Scheid & Downing 
(1954) on the impaired cell replacement in vitamin 
B,,.-deficient rats subjected to partial hepatectomy. 
It is also in line with the suggestions of Rasch, 
Swift & Schweigert (1955) on mitotic block stemming 
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from the cytochemical’ studies on the livers of 
vitamin B,,-deficient and -supplemented rats, 
Furthermore, O’Dell, Bruemmer & Hogan (1956) 
observed that in new-born rats from vitamin B,,- 
deficient dams the rate of phosphorus ‘turnover’ in 
DNA of the liver was lowered in comparison with 
that in rats from the vitamin B,,-supplemented 
dams, although the concentration of DNA per 
nucleus in either group was unchanged. However, 
the biochemical observations presented here on the 
renewal of DNA and RNA in spleen and intestine 
in vitamin B,, deficiency will have to be correlated 
by histological and cytochemical studies. 

The present evidence on the renewal of spleen 
DNA suggests that vitamin B,. exerts a direct 
effect on the incorporation of **P into the DNA 
of rat spleen. As previously mentioned, such ®P 


Table 3. Effect of vitamin B,, deficiency and supplementation on the relative specific activity of ribonucleic acid 
phosphorus and deoxyribonucleic acid phosphorus isolated from the rat intestine 


For calculation of relative specific activity see text. Group I was vitamin-deficient, group II was pair-fed, and group III 
was fed ad lib. . 
Values of F from analysis 
of variance* 


Time (hr.) Required for 
Group Vitamin B,, significance Significance of difference 
no. supplement 1 2 4 Observed at 0-01 level between pairs of means 
RNA phosphorus 
I 0 2-89 (3) 5-59 (3) 24-8 (4) T against II, P>0-05 
II 3:26 (2) 7:82 (3) 25-6 13-76f 5-93 I against III, P<0-01 
Il + 6:12 (4) 11-00(2) 34-0 (4) II against ILI, P<0-01 
DNA phosphorus 
I 0 0-93 (3) (4) I against II, P>0-05 
II + 0-70 (2) 3:25 (3) 7-73 ()} 6-337 5-93 I against III, P<0-01 
Ill + 1-00 (4) 3°33 (3) 11-2 (4) II against III, P<0-05->0-01 


* See first footnote to Table 2. 
+ Differences among the means of the three groups were significant and they were compared in pairs. 


Table 4. Effect of vitamin B,, deficiency and supplementation on the relative specific activity of 
ribonucleic acid phosphorus and deoxyribonucleic acid phosphorus isolated from rat spleen 


For calculation of relative specific activity see text. Group I was vitamin-deficient, group II was pair-fed and group III 
was fed ad lib. 
Values of F from analysis 


of variance* 
A 


Time (hr.) Required for 
Group Vitamin B,, significance Significance of difference 
no. supplement 1 2 4 Observed at 0-01 level between pairs of means 
RNA phosphorus 
I 0 13-2 (3) 19-4 (3) 30-7 (4) I against II, P>0-05 
II - 10-1 (2) 21-1 (3) 30-5 (3) 16-947 6-01 I against III, P<0-01 
iil + 14-2 (4) 42-7 (2) 46-8 (3) II against IIT, P <0-01 
DNA phosphorus 
I 0 0-86 (3) 3-42 (3) 8-76 (3) I against II, P<0-01 
II 5-78 (2) ‘17-8 (3) 42-0 (3) 30-967 6-01 I against III, P<0-01 
Il + 6-88 (4) 16-6 (2) 32-2 (3) II against ITI, P>0-05 


* See first footnote to Table 2. 
+ Differences among the means of the three groups were significant and they were compared in pairs. 
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incorporation is best correlated at present with DNA 
synthesis, and thus vitamin B,, deficiency would 
appear drastically to inhibit DNA synthesis in the 
spleen. The finding of Downing & Schweigert (1956) 
that vitamin B,, was involved in the biosynthesis 
of deoxyribose, or a precursor, in Lactobacillus 
leichmannii appears pertinent to our observations 
on the effects of vitamin B,, on DNA synthesis, at 
least in the spleen. 


SUMMARY 


1. The role of vitamin B,, in nucleic acid syn- 
thesis was investigated by measuring the incorpora- 
tion of radioactive phosphate, into rat liver, 
intestine and spleen. The nucleic acid content and 
the relative specific activities of deoxyribonucleic 
acid (DNA) and ribonucleic acid (RNA) at various 
time intervals after the administration of [**P]- 
phosphate were determined in vitamin B,)-deficient 
rats and in rats injected with vitamin B,, which 
were either pair-fed against the deficient group or 
fed ad lib. 

2. The DNA and RNA content of the tissues were 
unaffected by the vitamin deficiency. 

3. The metabolic pattern and the relative 
specific activities of the RNA of liver-cell fractions 
were not significantly altered by lack of administered 
vitamin By. 

4, The incorporation of **P into the RNA of 
intestine and spleen was inhibited both in the 
deficient and the pair-fed groups when compared 
with animals which ate ad lib. This observation was 
interpreted to indicate an indirect action of the 
vitamin associated with increased food consumption 
and efficient utilization for purposes of growth. 

5. The incorporation of *P into liver DNA 
appears to be unaffected by the absence of ad- 
ministered vitamin B,.. 

6. The results on the relative specific activity of 
intestinal DNA suggest an indirect action of 
vitamin B,,, as with intestinal and spleen RNA, 
since there was no significant difference between the 
deficient and pair-fed groups. The relative specific 
activity of spleen DNA, however, was increased by 
vitamin B,, in both pair-fed rats and rats fed ad 
lib., suggesting a direct role of vitamin B,, in the 
synthesis of spleen DNA. 
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The Sulphatase of Ox Liver 
6. STEROID SULPHATASE* 


By A. B. ROY 
Department of Biochemistry, University of Edinburgh 


(Received 24 January 1957) 


Gibian & Bratfisch (1956) have recently described 
the occurrence in rat and ox liver of a steroid sul- 
phatase hydrolysing dehydroepiandrosterone sul- 
phate (DHAS). This report is of considerable 
interest as it had previously been believed (Roy, 
1956a) that such an enzyme was lacking from 
mammalian tissues. Work from this Laboratory 
(Roy, 1953, 1954a, 1956c) has already shown the 
occurrence of three arylsulphatases in ox liver and 
it was of obvious interest to study the relationship 
of steroid sulphatase to those enzymes. From the 
work of Gibian & Bratfisch (1956) it seemed likely 
that steroid sulphatase was associated with aryl- 
sulphatase C (sulphatase C), as their preparations 
were insoluble in the usual protein solvents and 
showed optimum activity in the region of pH 8. 
Their preparations of steroid sulphatase hydrolysed 
oestrone sulphate, which would suggest that an 
arylsulphatase was present, despite the observation 
that phenolphthalein disulphate was not hydrolysed. 
This latter might simply be a reflexion of the speci- 
ficity of the arylsulphatase, as it has been noted 
that this substrate is not readily hydrolysed by 
mammalian arylsulphatases (unpublished observa- 
tions). 

The present paper extends the observations of 
Gibian & Bratfisch (1956) on the properties of 
mammalian steroid sulphatase, especially with 
regard to its relationship with sulphatase C and to 
its specificity. 

EXPERIMENTAL 


The steroid sulphates used as substrates for the enzyme were 
synthesized as previously described (Roy, 1956a), and the 
enzyme was obtained from ox liver exactly as described for 
the preparation of sulphatase C (Roy, 1956c). The insoluble 
enzyme preparation was used at a concentration of 2-3 mg./ 
mil. in the assay described below. 

Steroid sulphatase activity was assayed by suitable 
modifications of the methods previously described for the 
determination of steroid sulphates (Roy, 1956a,b). To 
0-2 ml. of 0-5m-2-amino-2-hydroxymethylpropane-1:3-diol— 
acetic acid buffer (tris buffer), pH 7-8, was added 0-4 ml. of 
0-4 mm-DHAS followed by 0-2 ml. of enzyme suspension. 
The mixture was incubated, with occasional shaking, for 
lhr. at 37°, and the reaction was then stopped by the 
addition of 5 ml. of ethanol. The precipitated proteins were 


* Part 5: Roy (1956c). 


removed by centrifuging. A 5 ml. sample of the clear super. 
natant was taken to dryness on the water bath, the residue 
taken up in 2 ml. of diluted methylene blue reagent (Roy, 
19566) and the methylene blue salt of the DHAS extracted 
into 5 ml. of CHCl,. The amount of DHAS present was 
then determined colorimetrically, exactly as previously 
described (Roy, 1956a). 

Control determinations, in which the enzyme was incu- 
bated separately from the remainder of the reaction mixture 
and was added only immediately before the ethanol, were 
always carried out. These control values were identical with 
those obtained when the buffered enzyme was incubated 
separately from the unbuffered substrate. The enzymic 
activity was therefore proportional to the difference 
between the amounts of DHAS remaining after incubation 
with and without the enzyme. As already stressed (Roy, 
1956a), this method cannot be used for accurate kineti. 
studies as the difference usually found between these two 
values is small, corresponding to about 25% hydrolysis of 
the substrate. 

Recovery of added DHAS from the unincubated reaction 
mixture was between 85 and 90% of the theoretical, a value 
considered satisfactory for the investigations described 
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Hydrolysis of substrate (%) 


0 0-5 1:0 


Relative enzyme concn. 


Fig. 1. Effect of enzyme concentration on reaction velocity. 
Volume of reaction mixture: 0-8 ml., containing 3 mg. of 
enzyme preparation. Substrate concentration: 0-2 mm- 
DHAS at pH 7-8 in 0-13M-tris buffer. Incubated for 1 hr. 
at 37°. 
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below. The degree of hydrolysis of the substrate on incuba- 
tion with the enzyme was directly related to the enzyme 
concentration (Fig. 1). 


Cell fractionation and assay of arylsulphatases 


Cell fractionation was carried out in 0-25m-sucrose by the 
standard method of Hogeboom (1955), a glass homogenizer 
fitted with a nylon pestle being used. The arylsulphatase 
activities of the fractions were determined as previously 
described, 0-03M-nitrocatechol sulphate at pH 6-0 being 
used for the assay of sulphatases A+B (Roy, 1954b) and 
0-:004M-p-nitrophenyl sulphate at pH 7-8 for sulphatase C 
(Roy, 1956c). With both the time of incubation was 15 min. 
Steroid sulphatase was assayed as described above, but with 
an incubation time of 3 hr. The sum of the activities of the 
various fractions was taken as representing the sulphatase 
content of the whole tissue. 


RESULTS 


The optimum substrate concentration for steroid 
sulphatase activity was 0:2 mm-DHAS, as shown in 
Fig. 2. Although the method was not suitable for 
the accurate determination of K,,, the results shown 
in Fig. 2 gave a good fit of the Lineweaver & Burk 
(1934) equations and gave a value of 0-04 mm- 
DHAS for the K,,. The optimum pH in 0-13 M-tris 
buffers was in the region of 7-7—7-9 (Fig. 3). 

The high specificity of the steroid sulphatase of 
Patella vulgata (Roy, 1956a) made this aspect of the 
mammalian enzyme of considerable interest, the 
more so as the preliminary results of Gibian & 
Bratfisch (1956) suggested that a similar specificity 
might be expected with the mammalian enzyme. 


DHAS hydrolysed (yg./tube) 


n 
0 01 0-2 
Substrate concn. (mM) 

Fig. 2. Effect of substrate concentration (s) on reaction 
velocity (v). Volume of reaction mixture: 0-8 ml., con- 
taining various concentrations of DHAS at pH 7-8 in 
0-13m-tris buffers. Incubated for 1 hr. at 37°. @, Plot 
of v against s; O, plot of 10 (s/v) against s. 
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The results of this investigation are shown in 
Table 1: the determinations reported therein were 
carried out at a pH of 7-8 and a substrate concentra- 
tion of 0-2 mm-steroid sulphate, conditions not 
necessarily optimum for all the possible substrates. 
The results show that mammalian steroid sul- 
phatase has a high substrate specificity, exactly 
comparable with that of the steroid sulphatase of 
P. vulgata, as only the 38-sulphates of the 5«- or 
A®-series of steroids were hydrolysed at a significant 


1-0F 


° ° ° 
a 
T T 


Relative activity 


T 


0 1 
7 8 9 


pH 
Fig. 3. Effect of varying pH on the reaction velocity. 
Conditions were as described for Fig. 2 but the substrate 


concentration was held at 0-2 mm-DHAS and the pH of 
the buffers varied. 


Table 1. Specifiicity of steroid sulphatase 


All the assays were carried out at a substrate concentra- 
tion of 0-2 mm and at a pH of 7°8 in 0-13M-tris buffers. 
Incubation was for the time indicated at 37°. The sub- 
strates were the potassium salts of the sulphates of the 
steroids listed below. With cortisone, the substrate was the 
21-sulphate. 


Percentage 
hydrolysis after 
17 hr. 

3a-Hydroxy-5«-androstan-17-one 0 
38-Hydroxy-5«-androstan-17-one 12 45 
3a-Hydroxy-5f-androstan-17-one 0 
38-Hydroxy-5f-androstan-17-one 0 
38-Hydroxyandrost-5-en-17-one 31 79 
17«-Hydroxyandrost-4-en-3-one 0 
178-Hydroxyandrost-4-en-3-one 0 
3a-Hydroxy-5a-pregnan-20-one 0 
38-Hydroxy-5«-pregnan-20-one 14 79 
3a-Hydroxy-58-pregnan-20-one 0 
38-Hydroxy-5B-pregnan-20-one 3 
3B-Hydroxypregn-5-en-20-one 28 76 
20a-Hydroxypregnane 0 
208-Hydroxypregnane 0 
Cortisone 0 
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rate by the enzyme. Cortisone-21-sulphate was not 
hydrolysed. 

The relationship of steroid sulphatase to sul- 
phatase C was difficult to evaluate directly, as both 
enzymes were associated with the insoluble fraction 
of the cell and so were difficult to purify to any 
significant extent. With a number of different 
enzyme preparations p-nitrophenyl sulphate, a 
substrate for sulphatase C, was hydrolysed at 
rates from five to fifteen times greater than that for 
DHAS: this variation in the ratio of the rates of 
hydrolysis of the two substrates suggested that two 
separate enzymes were involved. It is of interest 
that phenolphthalein disulphate (a gift from 
Professor L. Young) was not hydrolysed under 
comparable conditions. As sulphatase C was greatly 
influenced by the presence of certain cations in the 
reaction mixture (Roy, 1956c), the effect of a 
number of electrolytes on steroid sulphatase 
activity was investigated. The results are given in 
Table 2, which also shows, for comparison, the effect 
of these substances on sulphatase C. It is obvious 
that these electrolytes have very different effects on 
the two activities and it would therefore seem 
justifiable to conclude that steroid sulphatase and 
sulphatase C are different enzymes. 


Table 2. Influence of electrolytes on the activities 
of steroid sulphatase and sulphatase C 


Steroid sulphatase activity was determined at pH 7:8 
and at a substrate concentration of 0-2 mm-DHAS; 
sulphatase C activity was determined at pH 8-0 and at a 
substrate concentration of 0-01M-p-nitrophenyl sulphate. 
The activities are expressed relative to controls, activity 
1-0, containing no added electrolyte. 


Relative activity 
= 
Conen Steroid 
(M) sulphatase Sulphatase C 
NaCl 0-05 1-05 0-43 
KCl 0-05 0-98 0-77 
Na,SO, 0-025 0-97 0-41 
K,S0, 0-025 1-06 0-87 
Na,SO, 0-0001 0-30 0-45 
Na,HPO, 0-02 0-55 0-60 
KCN 0-01 1-02 0-43 
NH,F 0-01 0-95 0-68 


Table 3. Relative activities of sulphate enzymes 
in rat liver 
Enzymic activities are expressed as pmoles of sulphate 


ester hydrolysed or synthesized/hr./g. wet wt. of liver 
under the conditions specified in the text. 


Sulphatases 
Steroid DHAS 
Sex A+B Cc sulphatase synthesis 
Female 170 16 0-17 0-17 
Male 160 43 0-45 0-07 
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Rat-liver sulphatases 


Some experiments were carried out with rat liver 
as the enzyme source. This tissue was chosen for 
cell-fractionation studies as, unlike ox liver, it can 
be obtained immediately after the death of the 
animal. Cell-fractionation experiments indicated 
that, within the limits of the method, all the steroid 
sulphatase activity was localized in the microsomal 
fraction, again showing the close relationship of 
steroid sulphatase to sulphatase C, which has a 
similar intracellular distribution (Dodgson, Spencer 
& Thomas, 1954). 

The relative amounts of the various sulphatases, 
and of the DHAS-synthesizing system (Roy, 
19566), present in rat liver are shown in Table 3. 
These values must be considered tentative, owing 
to the limitations of the method used. This method 
is, however, preferable to an attempt to assay the 
enzymes in unfractionated-tissue preparations, a 
procedure which cannot give satisfactory results 
with the methods at present available (Dodgson, 
Spencer & Wynn, 1956). It is obvious from the 
values reported in Table 3 that in rat liver there is 
present considerably less steroid sulphatase than 
either of the arylsulphatases. 


DISCUSSION 


The results given above show conclusively the 
occurrence in ox and in rat liver of an enzyme 
capable of hydrolysing DHAS or, in general, the 
3f-sulphates of the 5a- or A®-series of steroids, the 
latter compounds being hydrolysed considerably 
more rapidly. The enzyme involved is conveniently 
called steroid sulphatase, although this obviously 
does not fully describe its specificity as shown in 
Table 1. It is of interest that mammalian steroid 
sulphatase preparations will not hydrolyse corti- 
sone-21-sulphate: this is support for the suggestion 
(Roy, 1956a) that the hydrolysis of this compound 
by enzyme preparations from Patella vulgata is 
due not to steroid sulphatase but to some other 
enzyme. 

In most respects the mammalian and molluscan 
steroid sulphatases are very similar. Apart from the 
difference in solubility the only striking distinction 
between the two enzymes is the value of their 
optimum pH. With the molluscan enzyme the 
optimum is pH 4-5, whereas with the mammalian 
enzyme the optimum is pH 7-8. These differences 
explain why previous attempts to detect a 
mammalian steroid sulphatase have not been 
successful. 

The steroid sulphatase of ox and rat livers is 
closely associated with sulphatase C; in the latter 
species at least both enzymes occur exclusively in 
the microsomes, but the evidence presented above 
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would seem to indicate conclusively that steroid 
sulphatase and sulphatase C are different enzymes. 
The results in Table 3 show that from a quantitative 
point of view the amount of steroid sulphatase 
present in rat liver is negligible compared with the 
amounts of arylsulphatases present, but on the 
other hand the steroid sulphatase activity is as 
great as, or greater than, the ability to synthesize 
DHAS. The livers of male rats have a considerably 
higher steroid sulphatase activity than do the livers 
of female animals. This sex difference also occurs 
with sulphatase C, as shown in Table 3, and as has 
been previously noted by Dodgson, Spencer & 
Thomas (1953). It is of interest to compare these 
figures for the sulphatase activity of rat liver with 
the ability to produce SO,?- ion from cysteine, via 
cysteinesulphinic acid. According to Awapara 
(1955) rat liver can form approximately 3 yuM- 
80,2- ion/g./hr. through this pathway. If this be 
the case then it is obvious from the values in Table 3 
that the rate of production of SO,?- ion by sul- 
phatase activity could be much greater than its rate 
of production from cysteine. No information is 
available on the actual activities in vivo. 

From a practical point of view mammalian 
steroid sulphatase is probably of little interest. 
Although it has been used to hydrolyse urinary 
steroid sulphates (Langecker, 1956), its use for this 
purpose must be limited by the specificity of the 
enzyme, as with the steroid sulphatase of P. vulgata. 
Further, the specific activity of the available pre- 
parations of mammalian steroid sulphatase is very 
much less than that of the molluscan enzyme (in 
the assay described above the ox enzyme is used in 
a concentration of 2-3 mg./ml. whereas the mol- 
lusean enzyme is used in a concentration of only 
about 0-1—0-2 mg./ml.). For many purposes there- 
fore the molluscan enzyme would be more suitable, 
as for instance the recovery of steroids is less 
satisfactory in the presence of large amounts of 
protein. The further purification of the mammalian 
enzyme is made difficult by its insoluble nature. 
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SUMMARY 


1. The presence of a steroid sulphatase in ox and 
rat liver has been confirmed. The enzyme is localized 
in the microsomes and has not been obtained in a 
soluble form. 

2. Steroid sulphatase hydrolyses the 3£-sul- 
phates of the 5«- and A®-series of steroids. 

3. The optimum substrate concentration is 
0-2 mm-dehydroepiandrosterone sulphate and the 
optimum pH is 7-8 in 2-amino-2-hydroxymethy]- 
propane-1:3-diol buffers. 

4. Steroid sulphatase is distinct from arylsul- 
phatase C although the two enzymes are closely 
associated. 

5. Quantitatively the amount of steroid sul- 
phatase in rat liver is negligible compared with the 
amounts of arylsulphatase present. The enzyme is 
present in amounts comparable with those of the 
system synthesizing steroid sulphate. 

The author is indebted to Miss Isla Sharp for her skilled 
technical assistance during this work. 
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Histones from Normal and Malignant Cells 


By P. F. DAVISON* 
Chester Beatty Research Institute, Fulham Road, London, S.W. 3 


(Received 31 October 1956) 


The functions of the histones in the cell nucleus 
have been the subject of considerable speculation, 
prompted by the reports of the tissue specificity 
of the histones (Stedman & Stedman, 1950a). 
Although a difference between the basic protein in 
* Present Address: Biology Department, Massachusetts 
Institute of Technology, Cambridge, Mass., U.S.A. 


the sperm and somatic tissues of the salmon and 
fowl has been amply demonstrated (Stedman & 
Stedman, 1950a; Daly, Mirsky & Ris, 1950), 
differences between various somatic tissues have 
not been so well defined. Cruft, Mauritzen & 
Stedman (1954) reported that the histones from 
tumours had a lower isoelectric point than those 
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from normal tissues, as a result of which they pre- 
cipitated at pH 7. 

In the experiments reported below, the histones 
from normal and ascites-tumour cells of a pure line 
of mice have been compared. A preliminary report 
of this work was given at an informal discussion of 
the Faraday Society, 12 October 1956. 


EXPERIMENTAL AND RESULTS 


Tissues. For the isolation of cell nuclei, the livers, kidneys 
and spleens of 20-40 pure-line mice (C,;Hb) were used in each 
experiment. They were stored in solid carbon dioxide for up 
to 1 week before treatment. Ehrlich and Landschiitz 
ascites cells were transplanted into the same line of mice 
and the cells were harvested after 5-7 days. By using 
ascites cells the danger of including necrotic tissue in the 
preparation was avoided. Although the ascitic fluid 
occasionally contained a considerable number of erythro- 
cytes, the percentage of nucleated non-tumour cells was 
low (about 10%). A few preparations from Walker car- 
cinoma tissue of the rat were studied. 

Isolation of cell nuclei. The cell nuclei were isolated from 
the tissues in dilute acetic acid (Stedman & Stedman, 19505) 
or 0-005m-citric acid. In both procedures the tissues were 
initially homogenized for 30 sec. in a Waring Blendor and 
the homogenate was filtered through 120-mesh metal gauze. 
The nuclei were separated from the cell debris by centri- 
fuging, and the course of the purification was followed by 
light microscopy, the orcein-fast green stain (Kurnick & 
Ris, 1948) being used. Samples of several preparations were 
fixed in buffered osmic acid, embedded in butyl methacryl- 
ate and sectioned for examination in the electron microscope 
(Davison & Mercer, 1956). 

Some preparations of nuclei were dried by successive 
washes in alcohol, acetone and ether. 

Extraction of the histones. To extract the histones, the 
nuclei were ground in a ball mill at 0° with 0-25n-HCl for 
3-16 hr. The debris was centrifuged down, and the super- 
natant was dialysed against water or 0-5N-acetic acid, at 0°. 
The extracts were freeze-dried or preserved frozen at — 30°. 

A list of the preparations from mousc tissues is given in 
Table 1. The proportion of the nuclear nitrogen recovered in 
the histone extracts is indicated. When the acid extracts 
were dialysed to pH 6-5 a precipitate formed, as described 
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by Cruft et al. (1954): the fraction insoluble at pH 6-5 will be 
referred to as the ‘neutral precipitate’, and the percentage 
of the total acid extract which this comprised is also listed in 
Table 1. The proteins in the supernatant at pH 6-5, which in 
every case studied formed the greater proportion of the 
extracted protein, will be referred to as the ‘neutral super- 
natant’. It was found that the freeze-dried proteins became 
less easy to dissolve on keeping, and it was usually necessary 
to add 0-5n-acetic acid to achieve a clear solution. Some of 
the preparations could not be dissolved completely, despite 
the use of acid, and these were centrifuged before examina- 
tion. Later preparations were preserved in 0-5N-acetic acid 
at -—30°. No quantitative analyses were made on samples 
which could not be completely redissolved in dilute acetic 
acid. 

Electrophoresis. The proteins were dissolved to give a 
0-7-1-:0% solution, and the solutions were dialysed over- 
night against the appropriate Miller & Golder (1950) 
buffers at 0°. Electrophoresis was performed in a Perkin- 
Elmer apparatus. 

In every case studied the neutral supernatant fractions 
migrated to the cathode at all pH values up to 8. Most of 
the diagrams resembled those from calf-thymus histone, 
i.e. two peaks below pH 6 and two or three above (Figs. 1, 2). 
The Walker carcinoma histone of the rat also moved to the 
cathode at pH 8-76 (Fig. 3). No experiments were per- 
formed above pH 9 since the solutions became cloudy and 
commenced to precipitate. 

Although these histone extracts appeared similar to tue 
calf-thymus histones the migrating peaks showed a distinct 
trailing which was probably indicative of some non-histone 
proteins in the preparations. 

Chromatography. The histones were chromatographed on 
carboxymethylcellulose columns (Peterson & Sober, 1956). 
The adsorbent was buffered at pH 6-5 and the proteins were 
eluted with a NaCl concentration gradient (Davison, 1957). 
The distribution of the proteins in the effluent fractions was 
determined by the absorption of the solutions at 27804 or by 
the reaction with ninhydrin (Moore & Stein, 1954). 

Except for the liver no. 2 and the kidney no. 1 prepara- 
tions, all the neutral supernatant solutions listed in Table 1 
gave elution diagrams (measured by the ninhydrin reagent) 
containing four major peaks more or less clearly resolved. 
A small unretarded peak could also be resolved if the 
application of the concentration gradient was delayed. In 
different preparations the relative sizes of the peaks varied 


Table 1. Mouse-histone preparations studied 


Nuclear nitrogen Histone extract 


recovered in precipitated 
Nuclei isolation histone extract at pH 6-5 

Tissue ium (%) (%) 

( 1 Acetic acid 15 — 

, 2 Citric acid 10 27 
Ehrlich ascites tumour 3 Citric acid 24 25 
4 Acetic acid 

io ‘ 1 Acetic acid 27 23 
Landschiitz ascites tumour {5 33 
1 Citric acid 21 
Liver {3 Acetic acid 34 8 
1 Citric acid 26 a 

Spleen { 2 Acetic acid — — 
Kidney 1 Acetic acid 29 20 
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(Fig. 4). A chromatogram of a Landschiitz ascites-tumour 
extract was very similar (Davison, 1957). No characteristic 
features were detected in which the tumour-protein pre- 
parations differed from those from normal tissues. 

The liver and kidney preparations mentioned above 
showed only three peaks, and the diagrams appeared to 
resemble closely those from calf-thymsu histones (Davison, 


pure mouse histones have very similar chromatographic bias _ 


— 


Fig. 3. Ascending diagram of Walker carcinoma histone of 
the rat, under electrophoresis at pH 8-76. (Ionic strength 
0-2, 15 ma, 80v, 140 min.) 


107 
(a) 
(b) 
0 80 
Fraction no. 
— 
10 
) Fig. 1. Ascending (a) and descending (b) diagrams of 5 
Ehrlich ascites-histone no. 2 during electrophoresis at (6) 
pH 4-60 (ionic strength 0-2, 18 ma, 105v, 2 hr.). 
E 
0 2 80 
Fraction no. 
E 
< | 
0 60 
Fig. 2. Ascending diagrams of (a) calf-thymus histone and Fraction no. 
(b) mouse Ehrlich ascites-histone no. 3, during electro- Fig. 4. Elution diagrams at pH 6-5 of (a) Ehrlich ascites 
phoresis at pH 4-38. (Ionic strength 0-2, (a) 15 ma, no. 4 supernatant, (6) mouse-liver no. 1 supernatant, and 
80v, 3 hr.; (6) 15 ma, 72v, 2 hr.) (c) mouse-spleen no. 2 supernatant. 
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properties, and the added complexity in most of the 
diagrams is due to the presence of non-basic proteins in the 
extracts. The fact that the electrophoresis studies showed 
the major part of all the neutral supernatants to migrate 
like histones is not belied by the large size of the chromato- 
graphic peaks which precede the two characteristic histone 
peaks emerging last (e.g. Fig. 4a). The leading components 
may be complexes between histones and other proteins, and 
in any case the ninhydrin colour yield of a protein is not 
proportional to the weight of the protein. 

Analysis: comparison of neutral precipitate and super- 
natant. The Ehrlich ascites-histone no. 3 was dialysed to 
pH 6-5 and the precipitate and supernatant proteins were 
separated. They were hydrolysed in sealed tubes with 
6N-HCI at 110° for 24 hr. The amino acid compositions of 
the hydrolysates were determined by the fluorodinitro- 
benzene method of Levy (1954), modified by employing the 
coupling conditions suggested by Fraenkel-Conrat & Singer 
(1956). The chromatography was also modified at the re- 
commendation of Dr D. M. P. Phillips by replacing the 
Whatman no. 1 by no. 7 paper, and by using tert.-amyl 
alcohol saturated with buffer, pH 6 (Blackburn & Lowther, 
1951), in place of xylene-ammonia as the first solvent. The 
latter was inconvenient in a laboratory where ninhydrin was 
being used. 

The amino acid compositions of the neutral precipitate 
and supernatant fractions are given in Table 2. Each 
analysis is the mean of four determinations. Arginine and 
histidine were not measured. The proportions are not 
corrected for any destruction of the amino acids during 
hydrolysis. 

The substantially higher proportion of the dicarboxylic 
acids in the precipitate was not unexpected, but the high 
lysine content suggested that some histone might be present 
in the precipitate as well as in the supernatant. 

Neutral precipitate. The neutral precipitate from both 
tumour and normal tissue extracts could be redissolved 
almost completely in 0-5N-acetic acid. The pH of this solu- 
tion could be adjusted to 4 before reprecipitation com- 
menced. Exploratory experiments showed that this solution 
contained two fractions which could be separated by 
chromatography. The neutral precipitate from the Land- 
schiitz ascites-extract no. 2 was shaken in 0-5N-acetic acid 
and the fraction which remained insoluble was centrifuged 
off (F,). The supernatant solution was dialysed to pH 3 
and chromatographed on a carboxymethylcellulose column 
buffered at the same pH. The absorption of the effluent solu- 
tions at 27804 was measured and the elution diagram was 
plotted (Fig. 5). The first peak was due to low-molecular- 
weight material. The fractions corresponding to the two 
major peaks (respectively F, and F',) were grouped, the pH 
was adjusted to 10 with NaOH, and 3 vol. of acetone were 
added. After standing overnight at 0° the precipitates 
which had formed were centrifuged down and hydrolysed. 
The amino acid composition of each fraction was deter- 
mined by the fluorodinitrobenzene method. The results are 
shown in Table 3. F,, F, and F were present in the approxi- 
mate ratios of 2:1:6, by wt. It is doubtful, however, if 
the whole of F, was precipitated in the alkaline conditions 
employed. 

An attempt was made to precipitate the non-histone 
component of the neutral precipitate by using 0-34M- 
HgSO, in 0-88m-H,SO, (Mirsky & Pollister, 1946). Although 
a precipitate containing more dicarboxylic residue than 
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basic residues was obtained, it represented only a very small 
fraction of the total protein. This would suggest that some of 
the acid material is of relatively low molecular weight. 


Table 2. Amino acid composition of neutral precipi. 
tate and supernatant from acid extract of ascites. 
tumour cells 


Composition is expressed in molar ratios (no. of residues| 
100 residues). Arginine and histidine were not determined, 


Supernatant Precipitate 
Alanine 12-5 10:3 
Aspartic acid OK, 
Glutamic acid 17-9 
Cystine 0-2 0-3 
Glycine 9-6 8-4 
Loneine } 15-0 145 
Isoleucine 
Lysine 14-4 10-7 
Phenylalanine 2-8 3-0 
Proline 4:7 3-9 
Serine 68 8-1 
Threonine 68 6-4 
Tyrosine 2-4 2-6 
Valine 7-0 71 
0-25- 
E 
3 
1 
0 30 
Fraction no. 


Fig. 5. Elution diagram of Landschiitz ascites ‘neutral 
precipitate’ chromatographed at pH 3-1. 
Table 3. Amino acid composition of fractions 
from ‘neutral precipitate’ 
Fractions were obtained from Landschiitz ascites. 
tumour extract. Composition is expressed in molar ratios 
(no. of residues/100 residues). 


1 F, 2 3 
Alanine 13-3 9-75 12-4 
Arginine Low 0-35 9-4 
Aspartic acid 8-1 12-6 58 
Glutamic acid 11-7 11-6 9-8 
Glycine 11-2 11-1 9-5 
Histidine 1-6 2-4 1-5 
Leucine } 15-6 15-5 13-8 
Isoleucine 
Lysine 11-0 9-3 10-5 
Phenylalanine 2-5 3°3 2:3 
Proline 3-0 2-4 3-9 
Serine 6-6 9-0 74 
Threonine 7:8 59 6-9 
Tyrosine 15 2-0 13 
Valine 6-1 56 5-7 
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DISCUSSION 


From these experiments it is apparent that ascites- 
tumour cells contain histones which are similar in 
electrophoretic and chromatographic behaviour to 
those from normal mouse tissues. The electro- 
phoretic behaviour of the Walker carcinoma 
histones of the rat was also unexceptional, and 
resembled that of the histone from calf thymus. 
Thus the results obtained by this comparative 
study do not agree with the report of Cruft et al. 
(1954), who found the whole of the malignant 
histones which they extracted to be qualitatively 
distinguished from the normal by their low iso- 
electric points. 

Apart from the first two preparations of tumour 
nuclei, no consistent difference was noted between 
the proportions of normal or tumour nuclei which 
could be extracted with acid. This is in agreement 
with the preliminary report published by Allfrey, 
Mirsky & Stern (1955), who found the histone 
content of normal and malignant leucocytes to be 
the same. However, Stedman & Stedman (1947) 
and Hamer (1951) have reported that tumour cells 
have a low histone content. This discrepancy may 
be due to the fact that these latter authors used 
more dilute acid for the extraction of the histones. 

Although it is not claimed that the basic and acid 
proteins isolated from the ‘neutral precipitate’ are 
homogeneous, it is felt that the resolution into an 
acid and a basic fraction suggests that the pre- 
cipitate may result from the aggregation of the 
histones in the extract with contaminating acid 
proteins. This would be expected to occur as the 
pH of the solution was taken above the isoelectric 
point of the acid proteins. The small proportion of 
the neutral precipitate which could not be re- 
dissolved has a composition characteristic of 
neither the acid nor the basic components; it may 
be some contaminant which has become denatured. 

The contamination of the acid extracts with non- 
basic proteins is not surprising. Davison & Mercer 
(1956) have shown that nuclei isolated in aqueous 
media have protein (presumably cytoplasmic) 
adhering to the outside of the nuclear membrane. 
Adsorption within the nucleus is also possible since 
the membranes of isolated nuclei are permeable to 
protein (Anderson, 1953). It is possible that the 
malignant transformation is accompanied by the 
replacement of a normal by an abnormal histone, 
but the latter will apparently not be revealed by a 
study of the gross characteristics of the histones. It 
will require a more complete resolution of the 
individual components of the histone mixture than 
has yet been achieved. 
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SUMMARY 


1. Nuclei have been isolated from mouse-ascites 
cells and normal tissues. From normal- and 
malignant-cell nuclei similar proportions of protein 
could be extracted by acid. 

2. From most of these acid extracts a proportion 
of protein precipitated on dialysis to pH 6-5. 

3. The proteins soluble at pH 6-5 were examined 
by chromatography and under electrophoresis. The 
greater proportion of them was histone. 

4. The proteins insoluble at pH6-5 were 
separated by chromatography into an acidic and 
a basic fraction. 
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Chromatography of Histones 


By P. F. DAVISON* 
Chester Beatty Research Institute, Fulham Road, London, S.W. 3 


(Received 31 October 1956) 


Crampton, Moore & Stein (1955) made a partial 
separation of the histones of calf thymus and other 
tissues by chromatography on IRC-50 resin. With 
a progressively increasing concentration of Ba?*+ or 
Ca?* ions they were able to elute three proteins, 
richer in lysine than in arginine, which together 
comprised about 40 % of the histones applied to the 
columns. They found that the corresponding 
proteins from different calf tissues had very similar 
amino acid compositions. Cruft, Mauritzen & 
Stedman (1954) have identified three electrophoretic 
components in the histones of ox thymus and liver, 
and they found that the major or B-histones from 
these two tissues differ in electrophoretic mobility. 
This they regard as an indication of the tissue 
specificity of the histones. These B-histones readily 
aggregate, and Davison & Shooter (1956) have 
shown that the aggregating histones are those rich 
in arginine. Thus the evidence from electrophoresis 
does not conflict with the results of Crampton et al., 
which seemed to demonstrate no cell specificity in 
the lysine-rich histones. However, the electro- 
phoretic evidence cannot be accepted as conclusive 
since any small amount of non-histone contaminants 
loosely combined with these basic proteins might 
change the electrophoretic mobility. To test this 
question of tissue specificity by the analysis of 
different fractions it is necessary to find a chromato- 
graphic system capable of separating the arginine- 
rich as well as the lysine-rich histones. The experi- 
ments to be reported here have shown that the 
histones can be completely eluted from carboxy- 
methylcellulose, although they are not well 
separated. A preliminary report on this chromato- 
graphic system has been published (Davison & 
Shooter, 1956). 


EXPERIMENTAL 


Adsorbent. Carboxymethylcellulose was prepared in the 
manner described by Peterson & Sober (1956). The dried 
white powder was dispersed in the appropriate buffer 
solutions with rapid stirring and the slurry was then poured 
into chromatographic columns. A thin layer of acid-washed 
Celite 545 (Johns-Manville Co. Ltd.) helped to prevent the 
adsorbent clogging the sintered-glass plate at the bottom of 
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the columns. The carboxymethylcellulose was allowed to 
settle under gravity to give a column 10-15 em. high. Tubes | 
with an internal diam. of 1 cm. were used for qualitative 
studies, with 5-10 mg. of protein. Fifty to 100 2ml, 
fractions were sufficient to delineate the effluent diagrams, 
For preparative studies a 1-4 em. diam. column was used, 
with a loading of up to 120 mg. of protein. Larger columns 


was initially suspended in butanol, even packing was 
difficult to achieve. The linearity of the front was checked by 
passing a small volume of potassium chromate through the 
column. 

The flow rates were reduced to 4-8 ml./cem.? cross-section, 
by fixing drawn-out capillary tips to the columns. 

Proteins. The histones used in the exploratory studies 
were those from calf thymus, prepared as previously 
described (Davison, James, Shooter & Butler, 1954). In 


later experiments some histones extracted from mous¢-cell 
nuclei by acid were chromatographed. The cell nuclei were 
isolated from various mouse tissues in dilute acid (Davison, 
1957). 
Gradient devices. The proteins were eluted from the | 
adsorbent by buffered solutions of progressively increasing 
ionic strength. The proteins were applied to the columns in 


Fig. 1. Gradient device to provide continuously changing 
eluting solution. The more concentrated, denser solution is 
placed in the left-hand reservoir. 
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0-1 or 0-05M-buffers; when the solution had passed into the 
column more of this buffer was added to wash the protein 
into the adsorbent. The column reservoir was filled with 
buffer and a concentration gradient in the eluting solutions 
was then produced by adding at a controlled rate a solution 
of the same buffer containing 0-9mM-NaCl. Mixing of the 
solutions in the reservoir was effected by a magnetic stirrer. 

An alternative device used on the small columns con- 
sisted of an open-topped Perspex box with a diagonal 
diaphragm of stainless steel sealed in with wax (Fig. 1). For 
low rates of flow the two solutions merging in the three-way 
tap mixed satisfactorily by diffusion alone. The shape of the 
concentration gradient could be modified by bending the 
diaphragm. 

Effluent analysis. The concentration of protein in the 
column effluents was measured by the absorption of the 
solutions at 27804, or by the ninhydrin reagent (Moore & 
Stein, 1954). 

Effect of pH. The chromatographic behaviour of the 
histones was studied over a pH range 3-0-8-1. Sodium 
phosphate, citrate and acetate buffers (0-05 or 0-1m) were 
used. 

At pH 3-4-5 two main components could be distinguished 
in the effluent diagrams. These were preceded by a smaller 
faster-running fraction (Fig. 2a, 6). At higher pH values the 
diagrams became more complex until at pH 8-1 at least five 
peaks could be detected. Since, however, it is possible that 
complexes, as well as homogeneous proteins, may be 
chromatographed as distinct peaks, and since it is known 
that the histones readily aggregate above pH 7, the delinea- 
tion of five peaks on the diagram does not necessarily imply 
the presence of five distinguishable proteins. 

Recovery of the proteins from the adsorbent. In preliminary 
experiments (Davison & Shooter, 1956) the proportion of the 
protein recovered from the columns was determined by the 
colour given with ninhydrin, by the protein applied to the 
column and that in the total column effluent. Recoveries 
calculated in this way for duplicate chromatograms were 
frequently found to differ widely. The cause of this behaviour 
was not determined, but from subsequent observations it is 
possible that varying amounts of degradation occurred in 
the solutions as they stood on the fraction collector. An 
increase of amino end-groups would increase the ninhydrin 
colour. 

In subsequent experiments the protein recovery was 
calculated from the nitrogen content of the effluents. It was 
found that, contrary to our earlier report, the proportion of 
the protein eluted from the columns decreased as the pH 
was raised. It was also found that the recovery from the 
columns decreased as the temperature was raised, although 
the elution diagrams were not qualitatively changed 
between 0° and 50°. The effect of temperature and pH on 
nitrogen recovery is shown in Table 1. 

Isolation of proteins from column effluents. The concentra- 
tion of the proteins in the column effluents was often very 
low. Dialysis of the pooled fractions, followed by freeze- 
drying, was inefficient, and not more than 70% of the 
applied protein was ever recovered in this way. Precipita- 
tion of the proteins by phosphomolybdic acid or perfluoro- 
octanoic acid was effective, but there remained the difficulty 
of removing the precipitants. The most efficient method of 
recovery was to adjust the solutions to pH 10 and to add 
3 vol. of acetone. After standing for 24 hr. at 0° approx. 
80% of the histones could be precipitated from solutions 
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as dilute as 0-002 %. The precipitates were washed in 95% 
acetone to free them of salt. This procedure precluded the 
use of sodium citrate and phosphate buffers since these are 
insoluble in 75% acetone. Up to 95% recoveries of the 
chromatographed histones were obtained in this way. 
Analysis. Nitrogen determinations were made by the 
micro-Kjeldahl method. Amino acid analyses were made by 
the fluorodinitrobenzene method of Levy (1954). The 
procedure was slightly modified in detail (Davison, 1957). 
The method of Moore & Stein (private communication) 
was used to determine accurately the ratio of the basic 


(a) 
41-339 x 
03 
E 
02- 
i 41-333 
0 75 
Fraction no. 
10 
E 1-339 z 
1-336 
4-333 
0 70 
Fraction no. 


Fig. 2. Elution diagrams of calf-thymus histones chromato- 
graphed at pH 4-2. Protein concentration was measured 
by: (a) absorption at 27804; (b) ninhydrin reaction. The 
broken lines in the diagrams indicate the change in the 
concentration in the effluent, as determined by the re- 
fractive index. 


Table 1. Percentage of applied protein nitrogen 
recovered in column effluents 


Each value reported is the result of a separate experi- 
ment. 


At pH 8-1 At 4° 
Recovery Recovery 
Temp. (%) pH (%) 

4° (i) 84 41 (i) 94 

(ii) 87 5-0 (i) 90 

20 (i) 75 6-6 (i) 97 

(ii) 73 (ii) 92 

50 (i) 54 8-1 (i) 84 

(ii) 87 
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amino acids in the histone fractions separated by chromato- 
graphy. Lysine, histidine, ammonia and arginine were 
eluted in sequence from a 10 cm. column of Zeo-Karb 225 
(8% cross-linked), with pH 5-26, 0-35m-citrate buffer at 
50°. Fractions (2 ml.) were collected and the amino acid 
concentration was determined by the modified ninhydrin 
reagent of Moore & Stein (1954). The 2-methoxyethanol 
(methyl Cellosolve) in this reagent was purified before use by 
passing it through a layer of Zeo-Karb 225 and a column of 
activated alumina. 

Protein hydrolysis. For the amino acid analysis the 
proteins were hydrolysed in sealed tubes with 6N-HCl at 
110° for 24 hr. 


RESULTS 


Qualitative examination of histones. For quali- 
tative examination of the histone preparations the 
carboxymethylcellulose columns were buffered at 
pH 6-5. Typical elution diagrams are shown in 
Figs. 3 and 4. These diagrams show more distin- 
guishing features than those at lower pH. 
For preparative chromatography the columns 
were buffered at pH 4-2 with sodium acetate and 
acetic acid. At this pH the large-molecular-weight 
histone aggregates begin to dissociate (Davison et al. 
1954) and this is obviously a prerequisite if the 
component proteins are to be efficiently separated. 
Degradation in the histone fractions. Crampton 
(1956) reported that occasionally, when a histone 
fraction separated by chromatography was re- 
chromatographed, it gave rise to a fast-running 
component in addition to a peak moving in the 
original position. Similar behaviour was observed 
with fractions from carboxymethylcellulose. The 
fast-running fraction gave a much higher ninhydrin 
colour/mg. of nitrogen than the parent material. It 
was also found that the fast material could be 
eluted from IRC-50 resin columns with Na* ions, 
whereas the histones can only be eluted with 
bivalent ions. These observations suggested that the 
histones were being degraded either on the column 
or during their subsequent handling. Butler, 
Davison, James & Shooter (1954) have shown that 
histones are rather easily degraded at neutral pH. 
Whether the degradation is the result of proteolysis 
or the dissociation of complex proteins is not known. 
As a precaution against proteolysis the buffer solu- 
tions were saturated with p-chloromercuribenzoic 
acid and the chromatograms were run at 4°. 
Carboxymethylcellulose buffered at pH 4-2 separ- 
ated calf-thymus histones into three components 
(Fig. 2a, b). The first peak passed directly through 
the column without the application of the gradient; 
since in many cases nothing could be precipitated 
from this effluent fraction it is probable that much 
of it is comprised of degraded protein. In two pre- 
parations, however, a precipitate was obtained. 
Qualitative amino acid paper chromatography 
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Fig. 3. Elution diagram of calf-thymus histones chromato- 
graphed at pH 6-5. The small first peak, which was visible 
’ in Fig. 2a and b, is obscured by another peak formed from 
material migrating at pH 4-2 in the two main peaks. The 
broken line indicates the refractive index of the eluting 
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Fig. 4. Elution diagram of mouse-kidney histone chromato- 
graphed at pH 6-5. (Compare with Fig. 3.) The delayed 
application of the eluting gradient has resolved the small 
first peak. The broken line indicates the refractive index 
of the eluting solution. 


Table 2. Composition of oe fraction from calf- 
thymus histone chr graphed at pH 4-2 on 
carboxymethylcellulose 


The analysis is expressed in molar ratios (no. of amino 


acid residues/100 residues). 


Arginine 2-7 
Alanine 8-8 
Aspartic acid 19-7 
Glutamic acid 32-7 
Glycine 8-4 
Histidine 1-4 
Leucine } 5-0 
Isoleucine 

Lysine 8-5 
Proline 0-0 
Serine 3-4 
Threonine 3-5 
Valine 5-6 
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suggested this protein was rich in dicarboxylic 
acids, and this was confirmed by an analysis of one 
sample by the Levy (1954) method (see Table 2). 
This acid protein comprised less than 3% of the 
total histone. 

It was noticed some years ago in these laboratories 
that a few thymus-histone preparations, on electro- 
phoresis at pH 4-5, showed a very small component 
migrating behind the histone boundaries. It is 
possible that this was the acid protein. 

The second fraction separated at pH 4-2 gave 
a high colour yield with ninhydrin, but had a low 
absorption at 2780A: it consisted solely of the 
lysine-rich histone (Davison & Butler, 1954; 
Crampton et al. 1955). It comprised 11-13 % of the 
various histone preparations analysed. 

The third and major peak comprised 80 % of the 
total histone and contained more than one species of 
protein. Samples were recovered from different 
portions of the third peak and analysed for basic 
amino acids by the method of Moore & Stein (1956, 
private communication). The molar ratio of 
lysine: arginine diminished from approx. 1-5 to less 
than 1-0, from the leading edge to the trailing edge 
of the peak. Some results of analyses are sum- 
marized in Table 3. 

From columns buffered between pH 5 and 6-5 a 
further component could be isolated. This emerged 
with the first application of the gradient, ahead of 


Table 3. Composition of fractions from the 
major peak from calf-thymus histone 


The analysis is expressed as molar ratios relative to 


lysine. 
Original Leading Final _—‘Final 
histone half third fifth 
Lysine 1-0 10 10 10 
Arginine 054 066 083 0-04 
Histidine 0-20 O18 0-21 0-25 
10+ 
E 


Refractive index 


0 


Fraction no. 


Fig. 5. Elution diagram of histone extract from mouse 
Landschiitz ascites-tumour cells chromatographed at 
pH 6-5. The broken line indicates the refractive index of 
the eluting solution. 
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the lysine-rich component. If the eluting gradient 
were applied to the column immediately after the 
protein, this intermediate peak could not be 
distinguished from the small unadsorbed component 
(ef. Figs. 3 and 4). This new fraction contained con- 
siderably more lysine than arginine. It was prob- 
ably formed by aggregates of proteins migrating at 
lower pH in the two main peaks. 

Above pH 6-5 more intermediate peaks appeared 
and the two main peaks decreased in size: this 
behaviour probably reflected further aggregate 
formation. 

Histones extracted from a variety of calf and 
mouse tissues were examined qualitatively on the 
carboxymethylcellulose columns at pH 6-5 (see 
also Davison, 1957). One preparation from mouse 
kidneys and one from mouse livers gave elution 
diagrams essentially similar to those from calf- 
thymus histones (Fig. 4). In most diagrams, how- 
ever, five peaks could be detected in proportions 
which varied from one preparation to another 
(Fig. 5). It is probable that this added complexity 
arose from non-histone proteins in the extracts. The 
presence of such contaminants in some prepara- 
tions was confirmed by electrophoresis at pH 2-2: 
at this pH the different proteins do not appear to 
aggregate, and a small peak could be detected 
trailing the sharp histone boundary. 

The two peaks which were eluted last from these 
pH 6-5 columns appeared in every diagram at the 
same position and were presumed to correspond to 
the two major components resolved at pH 4-2. The 
presence of two or more peaks preceding these was 
taken to indicate contaminants. Thus the columns 
at pH 6-5 were mainly of value in assessing the 
purity of the histone preparations. For an efficient 
fractionation the adsorbent was buffered at a lower 
pH, where the protein interactions were minimized. 
It was found possible to operate these columns at 
pH 3-1, but the proteins were then eluted at lower 
salt concentrations. 

Chromatography on IRC-50. The histone-elution 
diagrams at pH 4-2 were very similar to those 
obtained from IRC-50 (Crampton et al. 1955). When 
each of the main components from the carboxy- 
methylcellulose column was isolated and rechro- 
matographed on IRC-50 with barium acetate the 
similarity was confirmed; the first, lysine-rich, 
histone emerging in the position of Crampton’s 
histone A, and the second component in the position 
of histone B. The proportion of the latter fraction 
which was eluted from IRC-50 was not determined. 


DISCUSSION 


The chromatographic system described here has 
several advantages over that devised by Crampton 
et al. (1955), notably in the higher recoveries from 
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the columns and the possibility of precipitating the 
histones from the effluent fractions. It does not, 
however, satisfactorily resolve the arginine-rich 
histones. It is not clear if the continuous change 
observed in the lysine: arginine ratio of the proteins 
in successive portions of the major fraction can be 
attributed to relatively few components emerging 
in overlapping bands, or to a very large number of 
proteins. If the histones function as gene inhibitors, 
as Stedman & Stedman (1950) have suggested, the 
latter possibility would appear more likely. How- 
ever, the little evidence available suggests that at 
least 20% of the major histone fraction is homo- 
geneous, i.e. the histone B of Crampton. The 
problem of the complexity of this major fraction is 
at present being pursued by a study of the distribu- 
tion of the N-terminal amino acids through the 
chromatographic peak. 

The detection of the acid protein in the calf- 
thymus histones exemplifies one of the funda- 
mental difficulties: that of purifying the basic 
proteins. Since this contaminant was found in a 
preparation from such a convenient tissue as 
thymus, it is not surprising that higher proportions 
of contaminants should be found in extracts from 
other tissues. Many purification procedures used in 
the past have resulted in unintentional fractionation 
of the histones (Davison & Butler, 1956). The 
carboxymethylcellulose columns, operated at pH 4 
or lower, could probably provide a simple and 
effective means of freeing the histones of non-basic 
contaminants. 

Although 90-95% of the protein nitrogen was 
recovered from these chromatograms, it is possible 
that small amounts of histone were lost. These 
would presumably be the histones richest in argin- 
ine, since they require the higher concentrations of 
salt to be eluted. Such a loss could not be demon- 
strated by analysis. 

None of the fractions listed in Table 3 has a 
lysine: arginine ratio less than 1-0, and of several 
other fractions separated by chromatography only 
one, from the tail of the major peak, had this ratio 
slightly lower (0-95). The much lower value found 
for the histone fraction precipitated by ammonia 
(Davison & Shooter, 1956) has not been found in 
the fractions separated by chromatography. 
Whether the earlier analyses were in error, or 
whether the two fractionation methods are re- 
solving different species of proteins, has yet to be 
determined. 


SUMMARY 


1. A description is given of a chromatographic 
system capable of separating the histones of calf 
thymus and other tissues into the lysine-rich histone 
and the remainder, with a recovery higher than 
90%. 

2. Analysis has shown that the lysine: arginine 
ratio decreases in the histone eluted with higher 
concentrations of salt, but it could not be decided 
whether the histones consisted of a few limited 
species or were more complex. 

3. Examination of the protein in the acid extracts 
of nuclear materials from calf thymus and other 
tissues has demonstrated the presence of non-basic 
protein contaminants. 
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F.R.S., for his interest in this work, and for many helpful 
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Melanin and its Precursors 
8. THE OXIDATION OF METHYLATED 5:6-DIHYDROX YINDOLES* 


By R. I. T. CROMARTIE ano J. HARLEY-MASON 
Chemical Laboratory, University of Cambridge 


(Received 20 December 1956) 


The conversion of tyrosine into melanin by oxygen 
in the presence of tyrosinase has long been known to 
proceed by way of 3:4-dihydroxyphenylalanine 
(dopa) (I) (Raper, 1926) and 5:6-dihydroxyindole 
(III) (Raper, 1927), which is the last intermediate 


* Part 7: Cromartie & Harley-Mason (19530). 


that has been definitely established in this series of 
reactions. 5:6-Dihydroxyindole was synthesized by 
Beer, Clarke, Khorana & Robertson (1948), and 
shown to undergo rapid autoxidation to melanin in 
aqueous solution. In part 2 of this series (Bu’ Lock & 
Harley-Mason, 1951) it was suggested that melanin 
might be derived from the corresponding o-quinone, 
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indole-5:6-quinone, by repeated condensation be- (Harley-Mason, 1950) ; 5:6-dihydroxy-4-methyl-, -7-methyl- th 
tween the anionoid centres in the pyrrole ring ofone @nd_-4:7-dimethyl-indoles (Cromartie & Harley-Mason, en 
molecule and the cationoid centres in the quinonoid 19536); _5:6-dihydroxy-3-methylindole (Beer, McGrath, 2.1 
rings of adjacent molecules, giving rise to a poly- 
ial of high molecular weight. In order _, 
material & -5-methyl- phenylalanine were prepared by the method of 
to test this theory and to —— the participation Cromartie & Harley-Mason (1952), and 3:4-dihydroxy-6- 1 
of the various centres in the 5:6-dihydroxyindole methylphenylalanine by that of Cromartie & Harley-Mason (Ii 
molecule in its oxidative polymerization, a seriesof (19535). é 
homologues have been prepared in which different 4:5-Dimethyl-o-benzoquinone. This was prepared by the is 
positions are blocked by methyl groups, and their method of Bu’Lock & Harley-Mason (1951). Light-ab- st 
oxidation by molecular oxygen in aqueous solution 8°rPtion maxima in water: 2610 and 41204 (¢ 3300 and 1000 - 
has been followed spectroscopically under identical mi 
conditions, as has already been briefly reported Onidation of didyd PR). 80 
(Cromartie & Harley-Mason, 1953a). The various fu 
current theories of the formation and constitution With silver oxide. 3:4-Dihydroxy-2-methylphenylalanine, Ti 
of melanin have recently been discussed in a com- 
Be : -methylphenylalanine were oxidized wi g20 by the 
method of Mason (1948). Solutions (10 ml.; 0-137 mm) of | 
the amino acids in a buffer solution of pH 5-6 were shaken lo 
EXPERIMENTAL with Ag,O (0-05 g.) for various periods of time, and filtered m 
: through Whatman no. 42 filter paper. The absorption Oo 
Materials spectrum was then measured for the region 2400-60004 
Silver oxide was prepared by the method of Helferich & |The spectra of the original solutions were also measured. 
Klein (1926). The buffer solutions were prepared from ‘The position and extinction coefficients of the maxima for 
0-2m-Na,HPO, and 0-1M-citrie acid (MclIlvain, 1921). the original solution and after the optimum time of shaking 
Tyrosinase was obtained by extracting an acetone-dried are given in Table 1 (see also Fig. 4). 80 
powder from Psalliota campestris with water as required and With tyrosinase. Pairs of tubes containing 3:4-dihydroxy- 
filtering. phenylalanine and its 2-methyl, 5-methyl, and 6-1ethyl 
Dihydroxyindoles. All the dihydroxyindoles were freshly derivatives dissolved in a buffer solution of pH 6-85 
resublimed in a high vacuum. They were prepared by (0-01 g. of amino acid in 12-5 ml.) were set up side by side. . 
methods described in the literature as follows: 5:6-dihydr- | Mushroom tyrosinase (0-1 ml.) was added to one tube of 
oxyindole and 5:6-dihydroxy-2-methyl- and -2:3-dimethyl- each pair and a stream of oxygen was bubbled through all 
indole ( — Mason, 1953) ; 5:6- dihydroxy- 1- susocteianad 8 tubes simultaneously. Observations of the visible changes 


Table 1. Spectra of methylated dopas and of the products of their oxidation 
with silver oxide in aqueous buffer (pH 5-6) 


The results for dopa itself are quoted from Mason (1948) for comparison 


Spectrum of oxidized solution 
A 


Original spectrum r 


Position AN A A Time of 
of methyl shaking 
substituents (A) (A) (A) Colour (min.) 
2 -- _ 3070 11 200 4850 3400 Red 45 
5 2780 2200 3070 7100 5100 4200 Violet 45 
6 2850 3400 3170 5500 4500 1000 Yellow 90 
None 2800 2700 3050 9300 4750 3500 Red 10 


Table 2. Autoxidation of dopa and its methyl derivatives in aqueous buffer (pH 6-85) 


Addition of tyrosinase made no difference in the first two cases and only a slight difference in the third case. 


Time of 
maximum 
Position of methyl colour 
substituents Coloration (hr.) Final appearance 
2 Red 2-5 Fine black ppt. 
5 Violet 2-5 Fine black ppt. 
6 Yellow 12 Yellow; no ppt. 
None Red 0-25 Flocculent black ppt. 
(with enzyme) 
None None None Slight black ppt. 


(without enzyme) 
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that occurred are recorded in Table 2. The presence of the 
enzyme made no noticeable difference in the cases of the 
2-methy! and 5-methyl compounds. 


Oxidation of dihydroxyindol 


Autoxidation. The freshly resublimed dihydroxyindole 
(15 zmoles) was brought into solution as rapidly as possible 
in a buffer (100 ml.) of pH 6-85. A stream of oxygen was 
then passed through the solution from a capillary tube. 
Portions were withdrawn at intervals, the first before 
starting the oxygen stream; their optical densities at a 
series of wavelengths from 2400 to 35004 were rapidly 
measured with a Unicam spectrophotometer. The results of 
some typical cases are shown graphically (Figs. 1-3), and 
further observations of each individual case are recorded in 
Table 3. The precipitate, if any, was filtered off and ex- 
amined. In a separate series of experiments it was shown 
that adding mushroom tyrosinase had no effect beyond 
shortening the induction period in the cases when it was 
longest, ie. in those of 5:6-dihydroxyindole and its 1- 
methyl derivative. 
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Oxidation with silver oxide. A solution of 5:6-dihydroxy- 
2:3-dimethylindole (0-025 g.) in methanol (2 ml.) was 
shaken with Ag,O (0-15 g.) for 30 min. and filtered. The 
resulting red solution was stable for some hours; but removal 
of the solvent at room temperature caused decomposition, 
and no solid separated on cooling in an acetone—CO, bath. 
The absorption spectrum was superposable on that of the 
autoxidation product (Fig. 3). The addition of a trace of 
HCl caused a slow irreversible change of colour to blue 
(absorption maxima at 3050 and 60804 with inflexions at 
2600, 3400 and 40004). Hydrogenation of the red solution 
over palladium-charcoal rapidly decolorized it, and 5:6- 
dihydroxy-2:3-dimethylindole could then be recovered 
after removing the solvent. 


RESULTS AND DISCUSSION 
Oxidation of methylated dopas 
The aerial oxidation of aqueous solutions of 2- 


methyl-dopa (IV) and 5-methyl-dopa (VI) was not 
accelerated by the presence of tyrosinase, but some 


Table 3. Autoxidation of methylated 5:6-dihydroxyindoles in aqueous buffer (pH 6-85) 


The dihydroxyindole (15 moles) was dissolved in 100 ml. of buffer (pH 6-85) and oxygen was bubbled through the 


solution. 
Position Times of appearance (min.) 
of methyl A 
substituents Colour Opalescence Precipitate 
None 20 30 90 
1 None 90 240 
2 10 30 360 
3 5 None 30 
2:3 10 None None 
4 15 40 360 
7 10 20 180 
4:7 3 None 25 


Appearance 
of ppt. Solubility of ppt. 

Black, flocculent Insol. in pyridine 
Black, fine Dispersed in hot pyridine 
Black, fine Insol. in pyridine 
Blue, flocculent Sol. in ethanol and alkali 
None None 
Black, fine Dispersed in pyridine 
Black, fine Readily dispersed in pyridine 
Purple, fine Extracted by ethyl acetate 


Optical density 


2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 
Wavelength (A) 


Fig. 1. Spectrum of 0-15 mm-5:6-dihydroxyindole in buffer (pH 6-85): A, before oxidation; 
B, C, D, after passing O, for 23, 52, and 100 min. respectively. 
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acceleration was observed in the case of 6-methyl- 
dopa (VII) (Table 2). Since tyrosinase acts by 
combination of the copper atom of the prosthetic 
group with the o-dihydroxy grouping of the sub- 
strate (Mason, 1956), its inactivity in the first two 
cases may be ascribed to steric inhibition of the 
approach of the enzyme molecule by the adjacent 
methyl group. These observations are in harmony 
with those of Schmalfuss & Peschke (1929), who 
showed that insect tyrosinase could not convert 
2-methyl-, 3-methyl- or 2:5-dimethyl-tyrosines into 
melanin. Similarly, Roth, Miller & Dawson (1944) 
found that 3-methyleatechol was much more 


Optical density 
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slowly oxidized by tyrosinase than was catechol or 
4-methyleatechol. 

The similarity between the spectra of the solu. 
tions of 2-methyl- and 5-methyl-dopa after oxida. 
tion with silver oxide and those obtained by Mason 
(1948) with dopa showed that cyclization to 
methyldopachromes (V and VII) had taken place 
(Table 1). The bathochromic shift of the visible 
maximum with 7-methyldopachrome (VII) as 
compared with dopachrome is due to the attach- 
ment of the methyl group directly on the chromo- 
phore of the zwitterionic form (VIIa). On the other 
hand, the oxidation of 6-methyl-dopa (VIII) with 


2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 


Wavelength (A) 


Optical density 


Spectrum of 0-15 mm-5:6-dihydroxy-4-methylindole in buffer (pH 6-85): A, before oxidation; 
B, C after passing O, for 12 and 40 min. respectively. 
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2400 3000 


J 
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Fig. 3. Spectrum of 0-15 mm-5:6-dihydroxy-2:3-dimethylindole in buffer (pH 6-85): A, before oxidation; 
B, after passing O, for 75 min. 
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silver oxide or with tyrosinase furnished a stable 
yellow solution with a quite different spectrum 
(see Fig. 4). Since, however, the spectrum bears 
little resemblance to that of 4:5-dimethyl-o-benzo- 
quinone (absorption maxima at 2610 and 41204 in 
water) it can hardly be due to the monocyclic 
o-quinone (IX). It is possible that cyclization to 
(X) took place; but attempts to isolate any solid 
product or bring about a rearrangement to an 
indole were unsuccessful. 


2:3-Dimethylindole-5:6-quinone 

Indole-5:6-quinone, which was first proposed as 
a transient intermediate in melanogenesis by Raper 
(1938), has never been isolated on account of its 
instability; but it was hoped that its 2:3-dimethyl 
derivative would be more stable. Although it could 
not be isolated in the solid state, the red solution 
obtained by oxidizing 5:6-dihydroxy-2:3-dimethyl- 
indole (XI) with silver oxide was stable for some 
hours and was considered to contain the quinone 
(XII). It had a well-defined absorption spectrum 
with maxima at 2970 and 47004, identical with that 
obtained by aerial oxidation in aqueous solution 
(Fig. 3); dopachrome, which has a very similar 
chromophore, shows maxima at 3050 and 47504. 
The oxidation of (XI) with potassium ferricyanide 
in aqueous solution, which produces a similar red 
colour, has been shown to be reversible (below pH 5) 
by electrometric titration (N.S. Hush & J. L. Morgan, 
personal communication). The normal redox 
potential, measured by Hush & Morgan by the 
method of discontinuous titration, was + 0-562v; 
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this value lies between those of dopaquinone, 
+0-800v (Friedheim, 1933) and dopachrome 
+0-443v (Ball & Chen, 1933). Evidently the 
resonance between the o-quinonoid form (XII) and 
the zwitterionic form (XIIa), which is responsible 
for the resemblance of its absorption spectrum to 
that of dopachrome, more than counterbalances 
the loss of the aromatic resonance of the pyrrole 
ring. 

The yellow compound obtained by Beer, Broad- 
hurst & Robertson (1954) by oxidation of (XI) with 
silver oxide in acetone was probably a dimer of 
(XII), formed by a self-condensation of the Diels— 
Alder type, since oxidation of catechol with silver 
oxide in acetone yields an analogous dimer of o- 
benzoquinone (J. Harley-Mason & A. H. Laird, 
unpublished results; cf. Horner & Sturm, 1955). 
This type of Diels—Alder dimer is not obtained in 
aqueous solution. 


Oxidation of methylated 5:6-dihydroxyindoles 

In order to appraise the contribution of the 
various free centres of 5:6-dihydroxyindole to the 
formation of melanin it was useful to compare the 
behaviour of this compound and its various methyl 
and dimethyl derivatives under carefully controlled, 
identical conditions. To this end freshly sublimed 
dihydroxyindoles were used, and no tyrosinase was 
added, since preliminary experiments had shown 
that its effect on the rate and on visible phenomena 
of the reaction was negligible. The course of the 
early phases of the autoxidation in which evanescent 
intermediates play a predominant role is much 


& 


Optical density 


3500 


4000 4500 


5000 5500 


Wavelength (A) 


Fig. 4. Spectra of 0-13 mm-solutions of: A, 3:4-dihydroxy-6-methylphenylalanine; B, the same after oxidation with 
Ag,O; C, 3:4-dihydroxy-2-methylphenylalanine after oxidation with Ag,O. 
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influenced by the conditions of experiment, 
especially the pH. Reproducible results were 
obtained under the conditions selected, which 
possessed the advantage that the pH of 6-85 
approximates to that commonly prevailing in living 
cells. Under these conditions no well-defined 
maxima were observed in the visible spectrum, 
except with 5:6-dihydroxy-2:3-dimethylindole, 
which gave a stable red solution; but the series of 
absorption curves for the region 2400-35004 in the 
ultraviolet in conjunction with observation of the 
visible phenomena furnished a semiquantitative 
picture of the progress of the reaction in each case. 

The onset of the reaction was always preceded by 
a marked induction period, as observed respiro- 
metrically by Beer et al. (1954), during which the 
spectrum remained unchanged. In the subsequent 
reaction two phases could, in general, be distin- 
guished: in phase I the solution became highly 
coloured; in phase II a precipitate was deposited, 
which was in some cases black and melanin-like, 
but in others coloured and distinguishable from 
melanin. Only with 5:6-dihydroxy-2:3-dimethyl- 
indole( XI), from which no precipitate was formed, 
could phase I be observed in isolation: the orange— 
red coloration was accompanied by the replacement 
of the original spectrum by that having maxima at 
2970 and 47004 (Fig. 3) attributed to the corre- 
sponding quinone (XII) (see above). The transient 
increase in the absorption in the vicinity of 2970A 
that accompanied the colorations of phase I in the 
case of the 4-methyl (Fig. 2) and 2-methyl com- 
pounds can also be attributed to accumulation of 
the corresponding quinones. With 5:6-dihydroxy- 
indole itself and its 7-methyl derivative phase IT 
evidently supervenes too rapidly for this pheno- 
menon to be observable; but it seems likely that an 
autoxidation to the corresponding quinone is the 
essential phenomenon of phase I in these cases also. 

The precipitates formed in phase II fell into two 
quite distinct classes. Those formed from 5:6- 
dihydroxyindole and its 1-methyl, 2-methyl, 4- 
methyl, and 7-methyl derivatives were black; they 
were insoluble in the common organic solvents 
except pyridine, in which some were very slightly 
soluble to give brownish solutions; they were 
always preceded by a characteristic opalescence, 
which appeared as the colours of phase I faded. On 
the other hand, the precipitates formed from the 
3-methyl and 4:7-dimethyl compounds were highly 
coloured; they were readily soluble in ethanol to 
give solutions with well-defined absorption spectra 
with long-wave maxima near 6000A; they were 
deposited from solutions of the same colour without 
preliminary opalescence, and they appeared far 
more rapidly than the melanins. From these 
differences it was concluded that the black pigments 
were all polymers of high molecular weight, whereas 
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the coloured ones were oligomeric in nature. The } 
precipitates formed from the 2-methyl, 4-methy] 
and 7-methyl compounds were more slowly de- 
posited, less flocculent in appearance, and more 
readily vedispersed to a colloidal solution by 
washing with water than that from the unsubsti- 
tuted 5:6-dihydroxyindole; this suggests that they 
were of lower molecular weight on account of 
inhibition of the normal cross-linking by the methyl _ 
groups. This was particularly noticeable in the — 
pigment obtained from 5:6-dihydroxy-7-methyl. 
indole, so that the discrepancy between the forma- 
tion of a melanin from this compound and the 
reported failure of its 7-n-propyl analogue to yield 
a melanin at pH 8 (Beer et al. 1954) is not very 
significant. 

From these results it can be concluded that the 
3-position is essential to the formation of a true 
melanin, and that either the 4-position or the 7- 
position must be free in addition; but that the 2., 
3-, 4-, and 7-positions all play a part in the building 
up of a three-dimensional polymer of high molecular 
weight. 


The pattern of melanogenesis 


The theory, based on steric considerations, that 
the main chains of the melanin macromolecule are 
composed of 3:7- rather than 3:4-linkages has 
recently received confirmation from tracer studies 
by Swan & Wright (1956). These authors showed 
that the hydrogen peroxide formed as a by-product 
in the autoxidation of 5:6-dihydroxyindole to 
melanin subsequently attacked the melanin, de- 
grading some of it to carbon dioxide, and that 
almost all of this carbon dioxide arose from the 
breakdown of the benzene ring rather than the 
pyrrole ring. They were, however, able to show that 
the carbon atom in the 7-position of the original 
indole nucleus contributed very little to the carbon 
dioxide formed, which suggests that it is protected 
while the remaining carbon atoms of the benzene 
ring are lost. It would be of great interest to convert 
the various labelled melanins into the melanic acids 
of Panizzi & Nicolaus (1952) by more drastic 
treatment with hydrogen peroxide. 

Although the occurrence of an induction period 
and the formation of hydrogen peroxide (Beer et al. 
1954) show that the preliminary oxidation of 5:6- 
dihydroxyindole proceeds, like the autoxidation of 
other phenols, by a free-radical mechanism, the 
model experiments of Bu’Lock & Harley-Mason 
(1951) make it likely that the actual coupling steps 
proceed by an ionic mechanism. Since the comple- 
tion of phase I for 5:6-dihydroxy-2:3-dimethy]l- 
indole requires a much longer period than elapses in 
the other compounds before the onset of phase I, 
it is evident that polymerization must start while 
there remains a considerable concentration of the 


1957 


& 


4 
= 
hes 
(1 
he 
= ca 
4 
| 
a 


1957 


e. The ; 


nethy] 
ly de- 
more 
by 
substi- 
t they 
int of 


nethyl | 
n the 


ethyl. 
orma- 
d the 
yield 
very 


at the 
true 
the 7- 
he 2., 
ilding 
>cular 


Vol. 66 


unchanged 5:6-dihydroxyindole in the solution. 
This last could act as well as, or probably better 
than, indole-5:6-quinone as the anionoid component 
in the coupling reaction ; and the intermediate semi- 
quinone could act similarly, leading to an incorpor- 
ation into the macromolecule of the free-radical 
centres observed by Commoner, Townsend & Pake 
(1954), using the method of paramagnetic resonance. 
These could also arise during the reoxidation that 
must follow each coupling step, which probably 
also involves semi-quinonoid intermediates as 
suggested by Beer et al. (1954). 

The experiments of Clemo, Duxbury & Swan 
(1952) with tyrosine and dopa labelled in the 
carboxyl group have shown that about one-sixth of 
the carboxyl groups of tyrosine or dopa are incorpor- 
ated into the melanin formed from them by enzymic 
oxidation. It had previously been observed by 
Raper (1927) that rearrangement of dopachrome in 
neutral solution yielded not only 5:6-dihydroxy- 
indole but also 5:6-dihydroxyindole-2-carboxylic 
acid. Unlike 5:6-dihydroxy-2-methylindole this 
acid is not itself converted into a melanin by 
autoxidation (Beer et al. 1949), probably because the 
nucleophilic reactivity of the 3-position is reduced 
by the adjacent carboxyl group. The corresponding 
quinone should, however, be capable of reacting at 
the 4- or 7-position with the reactive 3-positions of 
other indolic compounds present to yield a copoly- 
mer in which the carboxy] groups would be situated 
at the ends of chains. Such end-groups could well be 
the origin of the pyrrole-2:3:5-tricarboxylic acid 
obtained by Nicolaus and his co-workers (Panizzi & 
Nicolaus, 1952; Nicolaus, 1953, 1955) by oxidative 
degradation of natural melanins and of tyrosine— 
melanin prepared in vitro. The higher yields of this 
acid obtained from natural melanins probably 
indicate that such end-groups occur more frequently 
in natural melanins, which are commonly conju- 
gated with proteins to complex melanoproteins. 
This result is in accord with the suggestion made 

arlier on the basis of model experiments with 
peptides (Bu’Lock & Harley-Mason, 1951), that 
such conjugation might take place by oxidative 
cyclization of N-terminal tyrosine residues in 
proteins and incorporation of the resulting di- 
hydroxyindole residues into melanin while they 
remained attached through the 2-position to the 
protein. Melanoproteins could also arise by the 
reaction of free thiol and amino groups in proteins 
with the quinonoid nucleus in melanin itself or with 
any of its quinonoid precursors (cf. Mason, 1955). 

More recently, Nicolaus & Mangoni (1955) have 
detected pyrrole-2:3-dicarboxylic acid by paper 
chromatography among the products of the oxi- 
dative degradation of tyrosine-melanin and of 
various natural melanins. Since this acid, too, was 
formed in very low yields it may well be derived 
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from indole units in which the 2- and 3-positions are 
unsubstituted. As Nicolaus & Mangoni suggest, 
these indole units may be linked to others by both 
the 4- and 7-positions, but the weight of other 
evidence makes it unlikely that this is the funda- 
mental repeating unit in tyrosine—melanin. The 
absence of pyrrole-2:3:4-tricarboxylic acid from 
among the products of oxidative degradation is not 
altogether surprising, since the pyrrole ring in an 
indole-5:6-quinone is no longer strictly aromatic, 
and might be expected to break up on oxidation into 
small fragments such as oxalic acid and oxamic acid, 
the main products actually isolated by Panizzi & 
Nicolaus (1952). 

In conclusion we would emphasize that the type 
of macromolecular structure proposed for tyrosine— 
melanin permits of considerable variation, and that 
the end-groups, side chains and cross-linkages 
present in any particular sample are certainly 
dependent on the environment in which it was 
formed. 


SUMMARY 


1. The 2-, 5- and 6-methyl derivatives of 3:4- 
dihydroxyphenylalanine have been subjected to 
aerial oxidation; only the first two yield melanins. 
Only the last is a substrate for tyrosinase. 

2. Astable red solution prepared by oxidation of 
5:6-dihydroxy-2:3-dimethylindole with silver oxide 
in methanol is considered to contain the corre- 
sponding o-quinone. 

3. The oxidation by molecular oxygen of 5:6- 
dihydroxyindole and of seven of its derivatives 
containing methyl groups in various positions has 
been studied under carefully controlled conditions. 

4. The results obtained support the general 
pattern of melanogenesis proposed by Bu’Lock & 
Harley-Mason (1951). Other current theories are 
also discussed. 
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rabbit antiserum (Porter, R. R.) 677 

Albumin, immunological method for isolation and estima- 
tion of (Campbell, P. N. & Stone, N. E.) 19 

Albumin, serum, role of, as a precursor of soluble tissue 
proteins and serum globulins of rat bearing liver tumours 
(Campbell, P. N. & Stone, N. E.) 669 

Albumin, serum, synthesis of, in slices of rat liver and liver 
tumour (Campbell, P. N. & Stone, N. E.) 19 

Alcaligenes faecalis, potassium uptake by (Krebs, H. A., 
Whittam, R. & Hems, R.) 5: 

Alcohol dehydrogenase, liver, kinetics of (Dalziel, K. & 
Theorell, H.) 34P 

Aldoheptoses, identification of, in bacterial polysaccharides 
(MacLennan, A. P. & Davies, D. A. L.) 562 

[4C]Allethrin, absorption and metabolism of, by housefly 
(Musca domestica L.) (Bridges, P. M.) 316 

Amino acid uptake of cultures of human cells, influence of 
thyroxine and tri-iodothyronine on (Leslie, I. & Sinclair, 

17P 

Amino acids and di-(2-chloroethyl) sulphone (mustard-gas 
sulphone), mechanism of reaction between (Francis, 
G. E., Richards, D. E. & Wormall, A.) 142 

[4C]Amino acids, incorporation of, into proteins of guinea- 
pig liver microsome fraction in vitro (Simkin, J. L.) 6P 


6-Aminolaevulic acid, synthesis of porphyrins from, by 
Tetrahymena vorax (Lascelles, J.) 65 

Ammonia from the rumen of sheep, absorption of (Lewis, 
D., Hill, K. J. & Annison, E. F.) 587 

Amoebae, living, uptake of ribonuclease and ribonucleic 
acid by (Brachet, J., Briers, M. & Thomas, Y.) 14P 

epiAndrosterone in pregnant goat’s urine (Klyne, W. & 
Wright, A. A.) 92 

Antibody, bacterial, natural and induced, identification 
of, with serum components in sheep (Mackay, M. E.) 
545 

Anticholinesterases, action of, on amino acids (Ashbolt, 
R. F. & Rydon, H. N.) 237 

Apatitic synthetic phosphate, existence of, with a calcium/ 
phosphorus weight ratio of 2-26 (Fabry, C.) 32P 

Aphis (Eucallipterus tiliae L.) and lime tree (Tilia spp.), 
relationship between (Bacon, J. S. D. & Dickinson, B.) 
289 


Apyrase, potato, mechanism of hydrolysis of adenosine di- 
and tri-phosphate catalysed by (Cohn, M. & Meek, G. A.) 
128 

Arachidonic acid, detection of, in human cells and plasma 
(James, A. T. & Webb, J.) 515 

Arginine, improved method for microdetermination of, by 
use of 8-hydroxyquinoline (Ceriotti, G. & Spandrio, L.) 
603 

Arylsulphatase B, human, functional groupings of (Wynn, 
C. H. & Dodgson, K. 8.) 44P 

Arylsulphatase C of rat liver, action of surface-active 
agents on (Dodgson, K. 8., Rose, F. A., Spencer, B. & 
Thomas, J.) 363 

Arylsulphatase C of rat-liver microsomes, soluble prepara- 
tion of (Dodgson, K. 8., Rose, F. A. & Spencer, B.) 357 

Ascaris lumbricoides, protease inhibitors from (Green, 
N.M.) 416 

Ascites tumour cells, mouse, action of ribonuclease on 
(Ledoux, L. & Pileri, A.) 25pP 

Aspergillus nidulans, colouring matters of (Neelakantan 
S., Pocker, A. & Raistrick, H.) 234 

Aspergillus niger, complexity of B-glucanases from (Stone, 

A.) le 

Asperthecin, observations on structure of (Neelakantan, 
S., Pocker, A. & Raistrick, H.) 234 

8-Azaguanine, incorporation of, into nucleic acids of 
bacteria and tobacco mosaic virus (Smith, J. D. & 
Matthews, R. E. F.) 323 

8-Azapurines, metabolism of (Smith, J. D. & Matthews, 
R. E. F.) 323 


Bacillus cereus, activity and specificity of inducers of 
penicillinase production in (Pollock, M. R.) 419 

Bacillus cereus, incorporation of 8-azaguanine into nucleic 
acids of (Smith, J. D. & Matthews, R. E. F.) 323 

Bacillus megaterium, association of enzymes with proto- 
plast membrane of (Storck, R. L. & Wachsman, J. T.) 
19P 

Bean seed, ungerminated, determination of free and com- 
bined inositol in (Darbre, A. & Norris, F. W.) 404 

Benzidine, use of, in colorimetric estimation of fowl-blood 
sugar (Bell, D. J.) 137 

Benzophenone, metabolism of (Robinson, D. & Williams, 
R.T.) 46P 

Bile pigment, production of, by haemin oxidation (Ludwig, 
G. D., Blakemore, W. 8. & Drabkin, D. L.) 38P 

1 


7) 
y- 
‘ia 
0- 
n- 
m 
: 
a- 
Ww 
r 
: 


728 INDEX OF SUBJECTS 


Bile salts of a coelacanth, Latimeria chalumnae Smith 
(Haslewood, G. A. D.) 22P 

Bilirubin, serum, and serum haem-pigments, simultaneous 
micro-determination of (Perryman, P. W., Richards, 
D. H. & Holbrook, B.) 61P 

Bilirubin, serum, photo-sensitivity of (Cremer, R. J., 
Perryman, P. W., Richards, D. H. & Holbrook, B.) 60P 
Blood esterases, action of, on phenyl, indoxyl and choline 
esters (Underhay, E. E.) 383 

Blood, foetal, of sheep, presence of sorbitol in (Hers, H. G.) 
30P 

Blood, fowl, p-glucose content of (Bell, D. J.) 137 

Blood glucose, enzymic determination of (Huggett, A. St G. 
& Nixon, D. A.) 12P 

Blood, quantitative estimation of pyruvic and «-oxo- 
glutaric acids by paper chromatography in (McArdle, B.) 
144 


Bombyx mori, amino acid sequence in a fraction of fibroin 
of (Lucas, F., Shaw, J. T. B. & Smith, 8. G.) 468 
Bone, effect of Parathormone on **P uptake by (Dawson, 
J., Weidmann, 8. M. & Jones, H. G.) 116 

Bone marrow, rat, action of ribonuclease on (Ledoux, L. & 
Pileri, A.) 25P 

Brain, incorporation of **P-labelled intermediates into 
phospholipids of cell-free preparations of (McMurray, 
W. C., Strickland, K. P., Berry, J. F. & Rossiter, R. J.) 
634 


Brain, labelling of phospholipid phosphorus in dispersions 
of (McMurray, W. C., Strickland, K. P., Berry, J. F. & 
Rossiter, R. J.) 621 

Brain mitochondria, labelling of phospholipid phosphorus 
in (McMurray, W. C., Berry, J. F. & Rossiter, R. J.) 
629 

Brain pyrophosphatase, dialysis of (Gordon, J. J.) 50 
Brain tissue, rat, occurrence of lysosome-like particles in 
(Beaufay, H., Berleur, A.-M. & Doyen, A.) 32P 
5-Bromosalicylamide, determination of, in urine {McIsaac, 
W. M. & Williams, R. T.) 369 

Butyrate, effects of, on metabolism of rat kidney cortex in 
vitro (Sutherland, T. M.) 31lP 


Carbohydrate metabolism in Sarcina lutea (Holms, W. H. 

& Dawes, E. A.) 24P 

Carbohydrate metabolism of skin (Cruickshank, C. N. D., 

Trotter, M. D. & Cooper, J. R.) 285 

Carbon monoxide, production of, by haemin oxidation 

(Ludwig, G. D., Blakemore, W.S. & Drabkin, D. L.) 38P 

Carbon, radioactive, in aqueous solutions, continuous 

determination of, by a plastic scintillator (Schram, E. & 

Lombaert, R.) 20P 

5-Carboxy-3:4-dimethoxyphthalic acid and anhydride, 

synthesis of (Neelakantan, 8., Pocker, A. & Raistrick, 

H.) 234 

4-Carboxy-3:6-dimethoxyphthalic anhydride, synthesis of 
(Neelakantan, S., Pocker, A. & Raistrick, H.) 234 

B-Carotene, uniformly “C-labelled, metabolism of, in rat 

(Fishwick, M. J. & Glover, J.) 36P 

Carotenogenesis in Phycomyces blakeslecanus (Braithwaite, 

G. D. & Goodwin, T. W.) 31P 

Carotenoids, role of, in energy migration and photo- 

oxidation in chlorophyll systems (Teale, F. W. J. & 

Weber, G.) 

Carp myogen, isolation and properties of low-molecular- 

weight protein of (Hamoir, G.) 29P 

Carpenteles brefeldianum Dodge, biosynthesis of [#4C]- 

ergosterol in (Glover, J. & Leat, W. M. F.) 209 

Castor-bean tissues, incorporation of acetate-carbon into 

sucrose in (Beevers, H.) 23P 

Cell division, effect of growth hormone upon, in regenerat- 
ing liver (Cater, D. B., Holmes, B. E. & Mee, L. K.) 482 

Cellulose nitrate dialysis tubing, method for preparation of 

(Stone, B. A.) 1llp 
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Cerebral phosphoprotein promoted by electrical impulses, 
incorporation of phosphate into (Heald, P. J.) 659 

Cerebral white matter, metabolism of and metabolic 
response of, to electrical pulses (Bollard, B. M. & 
Mcliwain, H.) 651 

Cerebrospinal fluid, quantitative estimation of pyruvic 
and a-oxoglutaric acids by paper chromatography in 
(McArdle, B.) 144 

Chick embryo, developing, glutamic dehydrogenase in 
(Solomon, J. B.) 264 

Chitinase, from Streptomyces, purification of (Jeuniaux, C.) 
29P 

Chlorophyll systems, role of carotenoids in energy migra- 
tion and photo-oxidation in (Teale, F. W. J. & Weber, G.) 
8 


P 

Chloroplasts in Euglena, selective modification of differ- 
ential growth rate of, as induced by several factors (De 
Deken-Grenson, M.) 26P 

Cholesterol, biosynthesis of, from pL-B-hydroxy-f-methyl- 
§-[2-4C]valerolactone (Cornforth, J. W., Cornforth, 
R. H., Popjak, G. & Youhotsky-Gore, I.) 1l0pP 

Cholesterol, biosynthesis of, in vivo and in vitro, from DL- 
(Gould, R. G. 
& Popjak, G.) 51p 

Cholesterol content of human sebum, observations on 
(Boughton, B., MacKenna, R. M. B., Wheatley, V. R. & 
Wormall, A.) 32 

Choline, a new naturally occurring, physiologically active 
ester of (Whittaker, V. P.) 35P 

Cholinesterase inhibited with organophosphates, complex- 
formation in reactivation of (Green, A. L. & Smith, 
H. J.) 42p 

Chondroitin sulphate, degradation of, by chondroitinase of 
Proteus vulgaris (Lloyd, A. G. & Dodgson, K. 8.) 45P 

Chondrosulphatase, chondroitinase-free, preparation of, 
from extracts of Proteus vulgaris (Dodgson, K. 8S. & 
Lloyd, A. G.) 532 

Chromaffin granules and mitochondria (Blaschko, H., 
Hagen, J. M. & Hagen, P.) 14P 

Chromobacterium violaceum (BN), isolation of D-glycero-D- 
galactoheptose and other sugar components from specific 
polysaccharide of (MacLennan, A. P. & Davies, D. A. L.) 
562 

Chymotrypsin, action of, on fibroin (Lucas, F., Shaw, 
J. T. B. & Smith, 8. G.) 468 

Cinnamic acid, production of, by Stereum subpileatum 
(Birkinshaw, J. H., Chaplen, P. & Findlay, W. P. K.) 
188 

Cinnamic aldehyde, production of, by Stereum subpileatum 
(Birkinshaw, J. H., Chaplen, P. & Findlay, W. P. K.) 188 

Clupondon ilisha, fatty acid composition of fat of (Pathak, 
S. P. & Ojha, V. N.) 193 

Codling, nucleotides in skeletal muscle of (Jones, N. R. & 
Murray, J.) 

Coelacanth, bile salts of (Haslewood, G. A. D.) 22P 

Coenzyme A, effect of, on incorporation of **P into phos- 
pholipids of brain (McMurray, W. C., Strickland, K. P., 
Berry, J. F. & Rossiter, R. J.) 634 

Colostrum, rat, composition of (Greenbaum, A. L. & 
Slater, T. F.) 148 

p-Cresol, oxidation of, by Pseudomonas (Dagley, S. & 
Patel, M. D.) 227 

Cyanocobalamin, measurement of ‘binding’ of, by pre- 
parations of ‘intrinsic factor’ (Gregory, M. E. & Holds- 
worth, E. 8.) 456 

L-Cystathionine, isolation of, from urine of pyridoxine- 
deficient rats (Hope, D. B.) 486 

Cytidine nucleotides, pyrophosphorolysis of (Shaw, 
D.R.D.) 56P 

Cytidine triphosphate, effect of, on incorporation of **P 
into phospholipids of brain (McMurray, W. C., Strick- 
land, K. P., Berry, J. F. & Rossiter, R. J.) 634 
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Cytidylic acid, cyclic, inhibitors of enzymic cleavage of 
(Dierick, W. & Stockx, J.) 22P 

Cytochromes of Octopus vulgaris (Ghiretti-Magaldi, A., 
Giuditta, A. & Ghiretti, F.) 303 


Dehydroepiandrosterone in urine (Kellie, A. E. & Wade, 
A. P.) 196 

Dehydrogenase, uridine diphosphoglucose, of pea seedlings 
(Strominger, J. L. & Mapson, L. W.) 567 

Deoxycorticosterone, metabolism of, by rabbit-liver 
homogenate (Taylor, W.) 58P 

Deoxyribonuclease, acid, purification of (Fredericq, E. & 
Oth, A.) 33P 

Deoxyribonucleic acid and protein, evidence on nature of 
bonds between (Kirby, K. 8.) 495 

Deoxyribonucleic acid, content of, in mammary gland 
(Greenbaum, A. G. & Slater, T. F.) 148, 155 

Deoxyribonucleic acids, new method for isolation of 
(Kirby, K. 8.) 495 

Detergents, action of, on sulphatases (Dodgson, K. &., 
Rose, F. A., Spencer, B. & Thomas, J.) 363 

ae-Diaminopimelic acid and lysine and their derivatives 
and analogues, interrelationships between, in mutants of 
Escherichia coli (Meadow, P., Hoare, D. 8. & Work, E.) 
270 

Diaphragm, rat, normal, some hormonal influences on 
glucose uptake of, in vitro (Whitney, J. E. & Young, 
F.G.) 648 

Dicarboxylic acids, C,-, formation of, from acetate by 
Pseudomonas KB1 (Kornberg, H. L. & Madsen, N. B.) 
13P 

Di-2-(chloroethyl)methylamine, combination of proteins 
with, in ™N-labelled nitrogen mustards (Burnop, 
V. C. E., Francis, G. E., Richards, D. E. & Wormall, A.) 


504 

Di-(2-chloroethyl) sulphone (mustard-gas sulphone) and 
amino acids, mechanism of reaction between (Francis, 
G. E., Richards, D. E. & Wormall, A.) 142 

NN’-Dicyclohexylcarbodi-imide, peptide synthesis with 
p-nitrophenyl esters prepared with the aid of (Elliott, 
D. F. & Russell, D. W.) 49P 

Dihydroshikimic acid, reduction of quinic acid to, by 
Lactobacillus pastorianus var. quinicus (Carr, J. G., 
Pollard, A., Whiting, G. C. & Williams, A. H.) 283 

3f:16x-Dihydroxyandrost-5-en-17-one see 16x-Hydroxy- 
dehydroepiandrosterone 

5:6-Dihydroxyindoles, methylated, oxidation of (Cromartie, 
R. I. T. & Harley-Mason, J.) 713 

Diisopropy! phosphorofluoridate, action of, on amino acids 
(Ashbolt, R. F. & Rydon, H. N.) 237 

Ditsopropyl phosphorofluoridate poisoning in adult house- 
fly, biochemistry of (Winteringham, F. P. W., Harrison, 
A., McKay, M. A. & Weatherley, A.) 49P 

3:4- Dimethoxy- 5-methylphthalic acid and anhydride, 
synthesis of (Neelakantan, S., Pocker, A. & Raistrick, 
H.) 234 

BB-Dimethylacrylylcholine, a new naturally occurring, 
physiologically active ester of choline (Whittaker, V. P.) 
35P 


2:4- Diatieoghendl, comparison of, and sodium salicylate, 
as metabolic stimulants in vitro (Sproull, D. H.) 527 

2:4-Dinitrophenylkephalins, studies on (Collins, F. D. & 
Wheeldon, L. W.) 441 

Dinitrophenyl-peptides from fibroin (Lucas, F., Shaw, 
J. T. B. & Smith, 8. G.) 468 

Disulphide bonds of insulin, reaction of, with sodium 
sulphite (Cecil, R. & Loening, U. E.) 18P 

Disulphides with silver nitrate, further studies on reaction 
of (Cecil, R. & McPhee, J. R.) 538 


Ehrlich-reacting substance in human urine, identification 
of (Curzon, G.) 27P 
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Enzyme-coenzyme-substrate reaction mechanisms, initial- 
rate measurements in steady state and (Dalziel, K.) 
34P 

Enzymes, association of, with protoplast membrane of 
Bacillus megaterium (Storck, R. L. & Wachsman, J. T.) 
19P 

acetate, con- 
version of, into 16-oxo-oestradiol-178 (Marrian, G. F., 
Loke, K. H., Watson, E. J. D. & Panattoni, M.) 60 

Equol in pregnant goat’s urine (Klyne, W. & Wright, 
A. A.) 92 

[4C]Ergosterol, absorption and metabolism of, in ary 
ig (Glover, J., Leat, W.;M. F. & Morton, R. A.) 
214 


[{4C]Ergosterol, biosynthesis of, in Carpenteles brefeldianum 
Dodge (Glover, J. & Leat, W. M. F.) 209 

Erythrocytes, human, biosynthesis of fatty acids by 
(James, A. T., Lovelock, J. E. & Webb, J.) 60P 

Escherichia coli, incorporation of 8-azaguanine into nucleic 
acids of (Smith, J. D. & Matthews, R. E. F.) 323 

Escherichia coli, interrelationships between lysine and «e- 
diaminopimelic acid and their derivatives and analogues 
in mutants of (Meadow, P., Hoare, D. 8. & Work, E.) 
270 

Escherichia coli, pyridoxamine phosphate transaminase in 
(Beechey, R. B. & Happold, F.C.) 520 

Esterases of human blood, action of, on phenyl, indoxyl and 
choline esters (Underhay, E. E.) 383 

Eucallipterus tiliae L. see Aphis 

Euglena, selective modification of differential growth rate 
of chloroplasts in, as induced by several factors (De 
Deken-Grenson, M.) 26P 


Fatty acids, acidification of buffer solutions by (Saunders, 
J. A.) 59P 

Fatty acids, biosynthesis of, by human erythrocytes 
(James, A. T., Lovelock, J. E. & Webb, J.) 60P 

Fatty acids of Indian fresh-water fishes (Pathak, 8S. P. & 
Ojha, V. N.) 193 

Fatty acids, unsaturated, determination of structure of, on 
micro scale with gas-liquid chromatogram (James, A. T. 
& Webb, J.) 515 

Fatty acids, volatile, absorption of, from rumen of sheep 
(Annison, E. F., Hill, K. J. & Lewis, D.) 592 

Fibrinogen of rats injected with adrenaline, incorporation 
of glycine into (Henriques, S. B., Henriques, O. B. & 
Mandelbaum, F. R.) 

Fibroin of Bombyx mori, amino acid sequence in a 
fraction of (Lucas, F., Shaw, J. T. B. & Smith, S. G.) 
468 

Fish fat, fresh-water, fatty acid composition of (Pathak, 
S. P. & Ojha, V.N.) 193 

Flagellate, parasitic, action of phenanthridines on nucleic 
acid and protein synthesis in (Newton, B. A.) 27P 

Fraction collector, solenoid-operated (Brown, D. H., Sims, 
A. L. & Stone, S. L.) 50P 

Fructosylglucose, formation of, from methyl £-fructoside 
and glucose by Taka-diastase (Breuer, H. J. & Bacon, 
J.8. D.) 462 

Fungi, wood-rotting, volatile metabolic products of 
(Birkinshaw, J. H., Chaplen, P. & Findlay, W. P. K.) 
188 


Gadus callarias see Codling 

Galacturonidase activity of a- and £-glucuronidases 
(Marsh, C. A. & Levvy, G. A.) 5p 

y-Globulin, bovine, fractionation of, by partition chromato- 
graphy (Porter, R. R. & Press, E. M.) 600 

y-Globulin, N-terminal amino acids of (Porter, R. R. & 
Press, E. M.) 600 

Globulins absorbed from gut in suckling rats, survival of 
(Bangham, D. R. & Terry, R. J.) 584 
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Globulins, serum, of rat bearing liver tumours, role of 

serum albumin as a precursor of (Campbell, P. N. & 

Stone, N. E.) 669 

B-Glucanases from Aspergillus niger, complexity of (Stone, 

B. A.) 1p 

Glucosamine, determination of (Kraan, J. G. & Muir, H.) 

55P 

Glucosamine, possible mucopolysaccharide nature of 

human-milk constituent containing (Bigwood, E. J., 

Czajkowska, C. & Dréze, A.) 16P 

Glucose, blood, enzymic determination of (Huggett, A. 

St G. & Nixon, D. A.) 12P 

Glucose, catabolism of, by strains of Trypanosoma rhode- 

siense (Grant, P. T. & Fulton, J. D.) 242 

pD-Glucose content of whole blood of fowl (Bell, D. J.) 137 

Glucose, intravenous, influence of, on blood-insulin activity 

in rat (Whitney, J. E. & Young, F.G.) 645 

Glucose metabolism in cultures of human cells, influence of 

thyroxine and tri-iodothyronine on (Leslie, I. & Sinclair, 

R.) 17P 

Glucose 1-phosphate, heat of combustion of (Clarke, H. B. 

& Datta, S. P.) 451 

Glucose 1-phosphate, hydrolysis of, by rat-liver extracts 

(Goodlad, G. A. J. & Mills, G. T.) 354 

Glucose uptake of normal rat diaphragm in vitro, some 

hormonal influences on (Whitney, J. E. & Young, F. G.) 

648 

Glucose utilization in Sarcina lutea, evaluation of routes of 

(Dawes, E. A. & Holms, W. H.) 24P 

4%.4%-Glucosylsucrose, synthesis of, from sucrose by insect 

extracts (Bacon, J. 8. D. & Dickinson, B.) 289 

B-Glucuronidase, mammalian, effects of heavy-metal ions 

on (Levvy, G. A. & Marsh, C. A.) 21P 

Glucuronidases, «- and £-, galacturonidase activity of 

(Marsh, C. A. & Levvy, G. A.) 5p 

Glucuronide synthesis in tissues, distribution of (Dutton, 
G. J. & Greig, C. G.) 52P 

Glucuronides, isolation of, from rabbit urine after feeding 

salicylohydrazides and_ salicylohydroxamic acids 

(Mclsaac, W. M. & Williams, R. T.) 369 

Glutamic dehydrogenase in developing chick embryo 

(Solomon, J. B.) 264 

Glutathione and formation of mercapturic acid (Barnes, 

M. M. & James, 8. P.) 3p; (Bray, H. G. & Franklin, 

T. J.) 3p 

Glutathione, behaviour of, in strong acid media (Préaux, G. 
& Lontie, R.) 26P 

Glutathione of mammalian blood (Martin, H. & McIlwain, 

-) 58P 

Glutathione of rats injected with adrenaline, incorporation 

of glycine into (Henriques, S. B., Henriques, O. B. & 

Mandelbaum, F. R.) 222 

Glycerol phosphates, heats of combustion of (Clarke, H. B. 

& Datta, S. P.) 451 

«-Glycerophosphate, incorporation of, into phospholipids of 

brain (McMurray, W. C., Strickland, K. P., Berry, J. F. 

& Rossiter, R. J.) 634 

Glycerophosphate residues, a substance containing, in 

Lactobacillus arabinosus (Baddiley, J., Buchanan, J. G. 

& Greenberg, G. R.) 51P 

Glycine, degradation of, by Pseud 
(Bachrach, U.) 559 

Glycine, incorporation of, into glutathione and fibrinogen 

of rats injected with adrenaline (Henriques, S. B., 

Henriques, O. B. & Mandelbaum, F. R.) 222 

[*C]Glycine, incorporation of, into proteins of subcellular 

preparations of liver, liver tumour and regenerating liver 

(Campbell, P. N. & Greengard, 0.) 47P 

Glycine, synthesis of porphyrins from, by Tetrahymena 
vorax (Lascelles, J.) 65 

Glycolysis in skin (Cruickshank, C. N. D., Trotter, M. D. & 

Cooper, J. R.) 285 
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B-Glycosidase of potato (Baruah, P. & Swain, T.) 321 

Glyoxylic acid, participation of, in fatty acid utilization by 
a vibrio (Callely, A. G., Dagley, 8. & Hodgson, B.) 47p 

Growth hormone, effect of, upon cell division and nucleic 
acid synthesis in regenerating liver (Cater, D. B., Holmes, 
B. E. & Mee, L. K.) 482 

Guanine nucleotides in isolated cerebral tissue (Thomas, J.) 
655 


Haemin oxidation, production of carbon monoxide and 
bile pigment by (Ludwig, G. D., Blakemore, W. S. & 
Drabkin, D. L.) 38P 

Haemoglobins and plasma proteins, formation of complexes 
between, in a variety of animals (Liang, C.-C.) 552 

Haem pigments, serum and serum bilirubin, simultaneous 
micro-determination of (Perryman, P. W., Richards, 
D. H. & Holbrook, B.) 61P 

Heart mitochondria, ox, isolation and properties of malic 
dehydrogenase from (Davies, D. D. & Kun, E.) 307 

Heart-muscle sarcosomes, simultaneous measurement of 
extinction changes at three wavelengths in (Holton, 
F. A.) 37P 

Heart sarcosomes, rat, B-hydroxybutyric acid oxidases of 
(Beechey, R. B.) 10P 

Heats of combustion of glycerol phosphates and glucose 
1-phosphate (Clarke, H. B. & Datta, 8. P.) 451 

Heparin injection, effect of, on lipaemia induced in rabbit 
by excessive bleeding (Robinson, D. 8. & Harris, P. M.) 
18P 

Hepatoma, albumin in synthesis by tissue slices from 
(Campbell, P. N. & Stone, N. E.) 19 

D-giycero-b-galactoHeptose and other sugar components, 
isolation of, from specific polysaccharide of Chromo- 
bacterium violaceum (MacLennan, A. P. & Davies, 
D. A. L.) 562 

and [!*C]cyclohexanol, metabolism of 
(Elliott, T. H., Parke, D. V. & Williams, R. T.) 46pP 

Hexapeptide Ser.Gly.Ala.Gly.Ala.Gly, mathematical 
derivation of yields of products of hydrolysis of (Lucas, 
F., Shaw, J. T. B., Smith, S. G. & Mack, C.) 479 

Hexokinase, zine-dependent, some properties of, from 
Neurospora crassa (Medina, A. & Nicholas, D. J. D.) 573 

L-Histidine in purine biosynthesis, catalytic action of 
(Burton, K.) 48P 

Histones, chromatography of (Davison, P. F.) 708 

Histones from normal and malignant cells (Davison, P. F.) 
703 

Honeydew, presence of melezitose and 4%-«-glucosyl- 
sucrose in (Bacon, J. 8. D. & Dickinson, B.) 289 

Housefly, adult, biochemistry of diisopropyl phosphoro- 
fluoridate poisoning in (Winteringham, F. P. W. 
Harrison, A., McKay, M. A. & Weatherley, A.) 49P 

Housefly (Musca domestica L.), absorption and metabolism 
of [“C]allethrin by (Bridges, P. M.) 316 

Hyaluronic acid complex of ox synovial fluid, effects of 
proteolytic enzymes on (Blumberg, B. 8S. & Ogston, 
A. G.) 342 

Hydrazides derived from salicylic acid, metabolism of 
(McIsaac, W. M. & Williams, R. T.) 369 

Hydroxamic acids derived from salicylic acid, metabolism 
of (McIsaac, W. M. & Williams, R. T.) 369 

B-Hydroxy amino acids, formation of, from penicillin 
methyl ester sulphone and N-acylthiazolidine sulphones 
(Dougall, D. K., Newton, G. G. F. & Abraham, E. P.) 
30P 

identification of, 
as a product of incubation of [4-™C]testosterone with 
human prostatic tissue (Ofner, P., Smakula, E. E., 
Wotiz, H. H., Lemon, H. M. & Mescon, H.) 53P 

Hydroxyanthraquinones, colour reactions with aluminium 

sulphate of, and methylation of (Neelakantan, S%., 
Pocker, A. & Raistrick, H.) 234 
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p-Hydroxybutyric acid oxidases of rat-heart sarcosomes 
(Beechey, R. B.) 10P 

16x-Hydroxydehydroepiandrosterone, isolation of, from 
the urine of normal men (Fotherby, K., Colas, A., 
Atherden, S. M. & Marrian, G. F.) 664 

a-Hydroxydicarboxylie acids, activity of malic dehydro- 
genase towards (Davies, D. D. & Kun, E.) 307 

Hydroxylation, enzymic, by rat-liver microsomes (Booth, 
J. & Boyland, E.) 73 

Hydroxymethylbenzaldehydes, absorption spectra and 
preparation of (Dagley, 8S. & Patel, M. D.) 227 

Hydroxymethylbenzoic acids, absorption spectra and 
preparation of (Dagley, S. & Patel, M. D.) 227 

biosyn- 
thesis of cholesterol in vivo and in vitro from (Gould, 
R. G. & Popjak, G.) 5lP 

biosynthe- 
sis of squalene and cholesterol from (Cornforth, J. W., 
Cornforth, R. H., Popjak, G. & Youhotsky-Gore, I.) 
10P 

2-Hydroxy-1-naphthyl sulphate, conversion of naphthalene 
into, in rabbit (Boyland, E. & Sims, P.) 38 

16x-Hydroxyoestrone in urine of pregnant women (Marrian, 
G. F., Loke, K. H., Watson, E. J. D. & Panattoni, M.) 
60 

8-Hydroxyquinoline, improved method for microdetermi- 
nation of arginine by use of (Ceriotti, G. & Spandrio, L.) 
603 

Hypoxanthine nucleotides in isolated cerebral tissue 
(Thomas, J.) 655 


Indoxy] esters, hydrolysis of, by esterases of human blood 
(Underhay, E. E.) 383 

Inositol, free and combined, determination of, in ungermi- 
nated bean seed and young plant (Darbre, A. & Norris, 
F.W.) 404 

Inositol in semen, microbiological assay of (Hartree, E. F.) 
131 

Insulin activity of blood, influence of intravenous glucose 
on, in rat (Whitney, J. E. & Young, F.G.) 645 

Insulin, native, guinea-pig, chromatography of (Goldsmith, 
L. & Moloney, P. J.) 432 

Insulin, reaction of disulphide bonds of, with sodium 
sulphite (Cecil, RK. & Loening, U. E.) 18P 

Intestine, small, of rat, effects of salicylate on metabolic 
activity of (Smith, M. J. H.) 42pP 

‘Intrinsic factor’, measurement of ‘binding’ of cyano- 
cobalamin by preparations of (Gregory, M. E. & Holds- 
worth, E.8.) 456 

Intrinsic factor, preparation of, by means of modified 
cellulose ion-exchange columns (Holdsworth, E. 8.) 59P 

Invertebrate phenoloxidase (Vercauteren, R. & Denucé, 
E.) 

Iodine, serum-protein-bound, estimation of, by alkaline 
incineration (Acland, J. D.) 177 

Ionones in animal urine (Klyne, W. & Wright, A. A.) 92 


Kidney cortex, rat, in vitro, effects of acetate and butyrate 
on metabolism of (Sutherland, T. M.) 31P 

Kinase activity of ultrasonic extracts of Acetobacter sub- 
oxydans (Fewster, J. A.) 9P 


Lactation, changes in levels of nucleic acids of rat mammary 
gland during (Greenbaum, A. L. & Slater, T. F.) 155 
Lactobacillus arabinosus, a substance containing glycero- 

phosphate and ribitol phosphate residues in (Baddiley, 
J., Buchanan, J. G. & Greenberg, G. R.) 51P 
Lactobacillus pastorianus var. quinicus, reduction of quinic 
acid to dehydroshikimic acid by (Carr, J. G., Pollard, A., 
Whiting, G. C. & Williams, A. H.) 283 
B-Lactoglobulin, bovine, heterogeneity of (Ogston, A. G. & 
Tombs, M. P.) 398 
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Lactose, content of, in mammary gland (Greenbaum, A. L. 
& Slater, T. F.) 148 

Lactose derivative from mammary gland, breakdown of, 
by bacteria (Shilo, M.) 48 

Lactose from lactating rat mammary gland, a nitrogenous 
derivative of (Heyworth, R. & Bacon, J.8. D.) 41 

Latimeria chalumnae Smith see Coelacanth 

Lime tree (Tilia spp.) and an aphis (ELucallipterus tiliae L.), 
formation of melezitose in relationship between (Bacon, 
J.S. D. & Dickinson, B.) 289 

Lipaemia induced in rabbit by excessive bleeding, effect of 
heparin injection on (Robinson, D. S. & Harris, P. M.) 


18P 
Lipids of pregnant goat’s urine (Wright, A. A. & Klyne, W.) 
92 


Lipids of urine of pregnant goat and cow (Wright, A. A. & 
Klyne, W.) 41P 

Liver and liver-tumour slices of rat, synthesis of serum 
albumin and tissue proteins in (Campbell, P. N. & Stone, 
N.E.) 19 

Liver extracts, rat, hydrolysis of glucose 1-phosphate by 
(Goodlad, G. A. J. & Mills, G. T.) 354 

Liver-microsome fraction of guinea pig, incorporation in 
vitro of [4C]amino acids into proteins of (Simkin, J. L.) 
6P 

Liver microsomes, rat, enzymic hydroxylation by (Booth, 
J. & Boyland, E.) 73 

Liver mitochondria, study of steady-state concentrations 
of internal solutes of, by rapid centrifugal transfer to 
fixation medium (Werkheiser, W. C. & Bartley, W.) 79 

Liver, ox, sulphatase of (Roy, A. B.) 700 

Liver, perfused, isolated, use of, to detect alterations to 
plasma proteins (Gordon, A. H.) 255 

Liver, rat, acid phosphatases of (Goodlad, G. A. J. & 
Mills, G. T.) 346 

Liver, rat, preparation and properties of ribonucleic acids 
from (Pain, R. H. & Butler, J. A. V.) 299 

Liver, regenerating, effect of growth hormone upon cell 
division and nucleic acid synthesis in (Cater, D. B., 
Holmes, B. E. & Mee, L. K.) 482 

Liver tumours, rat, role of serum albumin as a precursor of 
soluble tissue proteins and serum globulins of (Campbell, 
P. N. & Stone, N. E.) 669 

Lysine and «e-diaminopimelic acid and their derivatives 
and analogues, interrelationships between, in mutants of 
Escherichia coli (Meadow, P., Hoare, D. 8. & Work, E.) 
270 

Lysosome-like particles, occurrence of, in rat-brain tissue 
(Beaufay, H., Berleur, A.-M. & Doyen, A.) 32P 


Magnesium, effect of injection of, on phosphorous com- 
pounds in rat muscle (Hingerty, D.) 429 

Magnesium, role of, in adrenal insufficiency (Hingerty, D.) 
429 

Malic dehydrogenase from ox-heart mitochondria, isolation 
and properties of (Davies, D. D. & Kun, E.) 

Mammary gland, lactating rat, a nitrogenous derivative of 
lactose from (Heyworth, R. & Bacon, J. 8. D.) 41 

Mammary gland, rat, changes in levels of nucleic acids of, 
during pregnancy, lactation and mammary involution 
(Greenbaum, A. L. & Slater, T. F.) 155 

Mammary gland, rat, method for determining composition 
of retained fluid of (Greenbaum, A. L. & Slater, T. F.) 
148 

Mammary gland, rat, relationship between enzyme 
activity and particle counts in suspensions of (Green- 
baum, A. L. & Slater, T. F.) 161 

Melezitose, formation of, in relationship between lime tree 
(Tilia spp.) and an aphis (Zucallipterus tiliae L.) (Bacon, 
J.S. D. & Dickinson, B.) 289 

Melezitose, mono- and di-hydrates of, X-ray data for (Griffin, 
G.) 297 
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Mercapturic acid formation from monohalogenonitro- 
benzenes in rabbit (Bray, H. G. & James, 8. P.) 45pP 
Mercapturic acid, glutathione and formation of (Barnes, 
M. M. & James, 8. P.) 3p; (Bray, H. G. & Franklin, 
T.J.) 3p 

Mercapturic acids, formation of, from _ trichloronitro- 
benzenes in rabbit (Betts, J. J., Bray, H. G., James, 8. P. 
& Thorpe, W. V.) 610 

5-Methoxycoumarone, production of, by Stereum sub- 
pileatum (Birkinshaw, J. H., Chaplen, P. & Findlay, 
W. P. K.) 188 

Methyl f-fructofuranoside, action of Taka-diastase on 
(Breuer, H. J. & Bacon, J.S. D.) 462 
5-Methylmeconin, modified synthesis of (Neelakantan, S., 
Pocker, A. & Raistrick, H.) 234 

2-Methylthiazoline, behaviour of, in strong acid media 
(Préaux, G. & Lontie, R.) 26P 

Mevalonic acid in Phycomyces blakesleeanus (Braithwaite, 
G. D. & Goodwin, T. W.) 31P 

Micrococcus lysodeikticus, partial purification and proper- 
ties of a polynucleotide phosphorylase from (Beers, 
R. F., jun.) 686 

Microsome fraction, liver, of guinea pig, incorporation in 
vitro of [14C]amino acids into proteins of (Simkin, J. L.) 

Microsomes of rat liver, enzymic hydroxylation by (Booth, 
J. & Boyland, E.) 

Microsomes, rat-liver, soluble preparation of arylsulphatase 
C of (Dodgson, K. 8., Rose, F. A. & Spencer, B.) 357 
Milk constituent, human, containing glucosamine, possible 
mucopolysaccharide nature of (Bigwood, E. J., Czaj- 

kowska, C. & Dréze, A.) 16P 

Milk, human, ninhydrin-reacting constituent of (Bigwood, 

E. J. & Czajkowska, C.) 16P 

Milk, mono-unsaturated octadecenoic acids in (James, 
A. T. & Webb, J.) 515 

Milk, rat, composition of (Greenbaum, A. L. & Slater, T. F.) 
148 


Mitochondria and chromaffin granules (Blaschko, H., 

Hagen, J. M. & Hagen, P.) 14P 

Mitochondria, brain, labelling of phospholipid phosphorus 

in (McMurray, W. C., Berry, J. F. & Rossiter, R. J.) 629 

Mitochondria of mammary gland (Greenbaum, A. L. & 

Slater, T. F.) 155 

Mitochondria of mammary gland, succinoxidase activity of 

(Greenbaum, A. L. & Slater, T. F.) 161 

Mitochondria, ox-heart, isolation and properties of malic 

dehydrogenase from (Davies, D. D. & Kun, E.) 307 

Mitochondria, study of steady-state concentrations of 

internal solutes of, by rapid centrifugal transfer to 

fixation medium (Werkheiser, W. C. & Bartley, W.) 79 

Monohalogenonitrobenzenes in rabbit, mercapturic acid 

formation from (Bray, H. G. & James, 8. P.) 45P 

Mucopolysaccharide nature of human-milk constituent 

containing glucosamine (Bigwood, E. J., Czajkowska, C. 

& Dréze, A.) 16P 

Musca domestica L. see Housefly 

Muscle, skeletal, of codling, nucleotides in (Jones, N. R. & 
Murray, J.) 5p 

Mustard-gas sulphone see Di-(2-chloroethyl) sulphone 

Myogen, carp, isolation and properties of low-molecular- 
weight protein of (Hamoir, G.) 29P 

Myokinase, sulphydryl groups of (Callaghan, O. H.) 7P 


Naphthalene, conversion of, into 2-hydroxy-1-naphthyl 
sulphate in rabbit (Boyland, E. & Sims, P.) 38 

Naphthol, acid-labile precursor of (Boyland, E., Sims, P. 
& Solomon, J. B.) 41P 

1-Naphthylmercapturic acid, acid-labile precursor of 

(Boyland, E., Sims, P. & Solomon, J. B.) 41P 

Neurospora crassa, some properties of a zinc-dependent 

hexokinase from (Medina, A. & Nicholas, D. J. D.) 573 
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Nicotinic acid, hydroxylation of, by Pseudomonas fluor. 
escens (Hunt, A. L., Hughes, D. E. & Lowenstein, J. M.) 
2P 

Ninhydrin-reacting constituent of human milk (Bigwood, 
E. J. & Czajkowska, C.) 16P 

Nitrogen mustards, N-labelled, studies with (Burnop, 
V. C. E., Francis, G. E., Richards, D. E. & Wormall, A.) 
504 

Nucleic acid synthesis, effect of growth hormone upon, in 
regenerating liver (Cater, D. B., Holmes, B. E. & Mee, 
L. W.) 482 

Nucleic acid synthesis in a parasitic flagellate, action of 
phenanthridines on (Newton, B. A.) 27P 

Nucleic acids of rat mammary gland, changes in levels of, 
during pregnancy, lactation and mammary involution 
(Greenbaum, A. L. & Slater, T, F.) 155 

Nucleic acids of vitamin B,.-deficient rat tissues, incorpora- 
tion of radiophosphorus into (Venkataraman, P. R. & 
Barnum, C. P.) 694 

Nucleoprotein metabolism in rat, effect of X-radiation on 
(Richmond, J. E., Ord, M. G. & Stocken, L. A.) 128 

Nucleotides, chromatographic separation of (Pontis, G. H. 
& Blumsom, N. L.) 62P 

Nucleotides in skeletal muscle of codling (Jones, N. R. & 
Murray, J.) 


Octopus vulgaris, cytochromes of (Ghiretti-Magaldi, A., 
Giuditta, A. & Ghiretti, F.) 303 

Oestrogens in pregnant goat’s urine (Klyne, W. & Wright, 
A. A.) 92 

Oestrone, isolation of, from urine of cows in late pregnancy 
(Pope, G. S., McNaughton, M. J. & Jones, H. E. H.) 206 

Organophosphate, animals poisoned with, factors in- 
fluencing effect of oximes on (Askew, B. M., Davies, 
D. R. & Green, A. L.) 43P 

Organophosphate poisoning, protective action of pyridine- 
2-aldoxime methiodide in (Hobbiger, F.) 7p 

Organophosphates, complex-formation in reactivation of 
cholinesterase inhibited with (Green, A. L. & Smith, 
H. J.) 42pP 

Ouchterlony gel plates, pitfalls in interpretation of 
(Feinberg, J. G.) 1p 

Oximes, factors influencing effect of, on organophosphate- 
poisoned animals (Askew, B. M., Davies, D. R. & Green, 
A. L.) 43P 

Oximes in Sarin poisoning, effects in vivo of (Rutland, J. P.) 
43P 

«-Oxoglutaric acid, quantitative estimation of, by paper 
chromatography in blood, urine and cerebrospinal fluid 
(McArdle, B.) 144 

16-Oxo-oestradiol-178, formation of, from 16«-hydroxy- 
oestrone in alkali (Marrian, G. F., Loke, K. H., Watson, 
E. J. D. & Panattoni, M.) 60 

17-Oxo steroid conjugates found in human peripheral 
plasma, renal clearance of (Kellie, A. E. & Smith, E. R.) 
490 

17-Oxo steroids, urinary, analysis of, by gradient elution 
(Kellie, A. E. & Wade, A. P.) 196 


Pancreatic trypsin inhibitor and trypsin, kinetics of reaction 
between (Green, N. M.) 407 

Papain, action of, on hyaluronate (Blumberg, B. S. & 
Ogston, A. G.) 342 

Parathormone, effect of, on **P uptake by bone (Dawson, 
J., Weidmann, 8. M. & Jones, H. G.) 116 

Pea seedlings, uridine diphosphoglucose dehydrogenase of 
(Strominger, J. L. & Mapson, L. W.) 567 

Pea seeds, ripening, development of embryos and seed 
coats in (Raacke, I. D.) 110 

Pea seeds, ripening, protein synthesis in (Raacke, I. D.) 
101, 110, 113 

Pea seeds, ripening, study of pods of (Raacke, I. D.) 113 
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Penicillin methyl ester sulphone, formation of B-hydroxy 
amino acids from (Dougall, D. K., Newton, G. G. F. & 
Abraham, E. P.) 30P 

Penicillinase production in Bacillus cereus, activity and 
specificity of inducers of (Pollock, M. R.) 419 

Pepsin molecules in solution and in monolayers, mor- 
phology of (Dieu, H. A.) 19P 

Peptide synthesis with p-nitrophenyl esters prepared with 
the aid of N.N’-dicyclohexylcarbodi-imide (Elliott, D. F. 
& Russell, D. W.) 49P 

Peptides from fibroin, rate of acid hydrolysis of (Lucas, F., 
Shaw, J. T. B. & Smith, 8. G.) 468 

Peptides in ripening peas (Raacke, I. D.) 101 

Phenanthridines, action of, on nucleic acid and protein 
synthesis in a parasitic flagellate (Newton, B. A.) 27P 

Phenoloxidase, invertebrate (Vercauteren, R. & Denucé, 
E.) 15P 

Phenylketonuria, method for estimation of tyrosine ex- 
cretion in (Ottaway, J. H.) 8P 

Phosphatases, acid, of rat liver (Goodlad, G. A. J. & 
Mills, G. T.) 346 

Phosphoglucomutase of rat liver (Goodlad, G. A. J. & 
Mills, G. T.) 354 

Phospholipase D, soluble, in plant tissues (Davidson, F. M. 
& Long, C.) 23P 

Phospholipid phosphorus, labelling of, in brain dispersions 
(McMurray, W. C., Strickland, K. P., Berry, J. F. & 
Rossiter, R. J.) 621 

Phospholipid phosphorus, labelling of, in brain mito- 
chondria (McMurray, W. C., Berry, J. F. & Rossiter, 
R. J.) 629 

Phospholipids of cell-free preparations of brain, incorpora- 
tion of **P-labelled intermediates into (McMurray, W. C., 
Strickland, K. P., Berry, J. F. & Rossiter, R. J.) 634 

Phospholipids, unhydrolysed, determination of amino 
nitrogen in (Wheeldon, L. W. & Collins, F. D.) 435 

Phosphoprotein, cerebral, incorporation of phosphate into, 
promoted by electrical impulses (Heald, P. J.) 659 

Phosphorus, radioactive (**P), uptake of, by bone, effect of 
parathormone on (Dawson, J., Weidmann, 8S. M. & Jones, 
H.G.) 116 

Phosphorycholine, incorporation of, into phospholipids of 
brain (McMurray, W. C.. Strickland, K. P., Berry, J. F. 
& Rossiter, R. J.) 634 

Phycomyces blakesleeanus, mevalonic acid and caroteno- 
genesis in (Braithwaite, G. D. & Goodwin, T. W.) 31P 

Pituitary adrenocorticotropin, oxidation-reduction pro- 
perties of (Dedman, M. L., Farmer, T. H. & Morris, 
C.J. 0. R.) 166 

Plasma, human, peripheral, renal clearance of 17-oxo 
steroid conjugates found in (Kellie, A. E. & Smith, 
E.R.) 490 

Plasma, human, vaccenic and arachidonic acids in (James, 
A. T. & Webb, J.) 515 

Plasma proteins, presence of, in skin and tendon 
(Humphrey, J. H., Neuberger, A. & Perkins, D. J.) 390 

Pneumococcal transformations, effects of proteins of the 
medium in (Thomas, R.) 38P 

Polynucleotide phosphorylase, partial purification and 
properties of, from Micrococcus lysodeikticus (Beers, 
R. F., jun.) 686 

*Polypeptides, pharmacologically active, properties and 
comparison of (Mathias, A. P.) 11lP 

Polysaccharide, specific, of Chromobacterium violaceum, 
isolation of D-glycero-p-galactoheptose and other sugar 
components from (MacLennan, A. P. & Davies, D. A. L.) 
562 


Porphyrins, synthesis of, by cell suspensions of Tetra- 
hymena vorax; effect of members of vitamin B group on 
(Lascelles, J.) 65 

Potassium uptake by Alcaligenes faecalis (Krebs, H. A., 
Whittam, R. & Hems, R.) 53 
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Potato apyrase, mechanism of hydrolysis of adenosine di- 
and tri-phosphate catalysed by (Cohn, M. & Meek, 
G. A.) 128 

Potato, B-glycosidase of (Baruah, P. & Swain, T.) 321 

Pregnancy, changes in levels of nucleic acids of rat mam- 
mary gland during (Greenbaum, A. L. & Slater, T. F.) 
155 

5B-Pregnane-3«:20«-diol (‘pregnanediol’) in pregnant 
goat’s urine (Klyne, W. & Wright, A. A.) 92 

Premercapturic acids, urinary excretion of (Knight, R. H. 
& Young, L.) 55P 

[16-*H]Progesterone, preparation of (Pearlman, W. H.) 17 

Protease inhibitors from Ascaris lumbricoides (Green, 
N.M.) 416 

Protein and deoxyribonucleic acid, evidence on nature of 
bonds between (Kirby, K. 8.) 495 

Protein-bound iodine, serum, estimation of, by alkaline 
incineration (Acland, J. D.) 177 

Protein, determination of time required for biosynthesis of 
single molecule of (Craddock, V. M. & Dalgliesh, C. E.) 
250 


Protein diets, varied, effect of, on nitrogen metabolism in 
obese human and normal rat (Pawan, G. L. 8.) 1l1P 
Protein metabolism in rat, effect of X-radiation on 
(Richmond, J. E., Ord, M. G. & Stocken, L. A.) 123 
Protein of carp myogen of low molecular weight, isolation 
and properties of (Hamoir, G.) 29P 

Protein synthesis in a parasitic flagellate, action of phen- 
anthridines on (Newton, B. A.) 27P 

Protein synthesis in liver and hepatoma cells (Campbell, 
P. N. & Stone, N. E.) 19 

Protein synthesis in ripening pea seeds (Raacke, I. D.) 
101, 110, 113 

Proteins of guinea-pig liver microsome fraction, incorpora- 
tion in vitro of [C]lamino acids into (Simkin, J. L.) 
6P 

Proteins of subcellular preparations of liver, liver tumour 
and regenerating liver, incorporation of [C]glycine into 
(Campbell, P. N. & Greengard, O.) 47P 

Proteins of the medium, effects of, in pneumococcal trans- 
formations (Thomas, R.) 38P 

Proteins, plasma, formation of complexes between haemo- 
globins and, in a variety of animals (Liang, C.-C.) 552 

Proteins, plasma, presence of, in skin and tendon 
(Humphrey, J. H., Neuberger, A. & Perkins, D. J.) 390 

Proteins, plasma, use of isolated perfused liver to detect 
alterations to (Gordon, A. H.) 255 

Proteins, serum, of rats injected with adrenaline, in- 
corporation of glycine into (Henriques, S. B., Henriques, 
O. B. & Mandelbaum, F. R.) 222 

Proteolytic enzymes, effects of, on hyaluronic acid complex 
of ox synovial fluid (Blumberg, B. 8. & Ogston, A. G.) 
342 

Proteolytic inhibitors, serum, separation of, by electro- 
phoresis, and their nature (Bodman, J.) 40P 

Proteus vulgaris, degradation of chondroitin sulphate by 
chondroitinase of (Lloyd, A. G. & Dodgson, K. 8.) 45P 

Proteus vulgaris, preparation of chondroitinase-free 
chondrosulphatase from extracts of (Dodgson, K. 8S. & 
Lloyd, A. G.) 532 


Pseudomonas, acetate-grown, acetate metabolism in 
(Kornberg, H. L.) 13P 
Pseudomonas aeruginosa, degradation of glycine by 


(Bachrach, U.) 559 
Pseudomonas fluorescens, hydroxylation of nicotinic acid by 
(Hunt, A. L., Hughes, D. E. & Lowenstein, J. M.) 2P 
Pseudomonas KB1, formation of C, dicarboxylic acids 
from acetate by (Kornberg, H. L. & Madsen, N. B.) 13P 
Pseudomonas, oxidation of p-cresol and related compounds 
by (Dagley, 8. & Patel, M. D.) 227 
Purine and pyrimidine derivatives, chromatography of 
(Joklik, W. K.) 333 
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Purine biosynthesis, catalytic action of L-histidine in 

(Burton, K.) 48P 

Purines in isolated cerebral tissue (Thomas, J.) 655 

Pyridine-2-aldoxime methiodide, protective action of, in 

organophosphate poisoning (Hobbiger, F.) 7P 

Pyridoxal phosphate, conversion of, into pyridoxamine 

phosphate by ext acts of Escherichia coli (Beechey, R. B 

& Happold, F.C.) 520 

Pyridoxamine phosphate, conversion of, into pyridoxal 

phosphate by extracts of Escherichia coli (Beechey, R. B. 

& Happold, F.C.) 520 

Pyridoxamine phosphate transaminase (Beechey, R. B. & 

Happold, F.C.) 520 

Pyridoxine deficiency, L-cystathionine in urine of rats with 

(Hope, D. B.) 486 

Pyrimidine and purine derivatives, chromatography of 
(Joklik, W. K.) 333 

Pyrophosphatase, brain, dialysis of (Gordon, J. J.) 
50 


Pyruvic acid, quantitative estimation of, by paper chro- 
matography in blood, urine and cerebrospinal fiuid 
(McArdle, B.) 144 


Quinic acid, reduction of, to dihydroshikimic acid by 
Lactobacillus pastorianus var. quinicus (Carr, J. G., 


Pollard, A., Whiting, G. C. & Williams, A. H.) 283 


Raffinose, action of Taka-diastase on (Breuer, H. J. & 
Bacon, J. 8. D.) 462 

Rhodopsin, cationic extracting agents for, and their mode 
of action (Bridges, C. D. B.) 375 

Ribitol phosphate residues, a substance containing, in 
Lactobacillus arabinosus (Baddiley, J., Buchanan, J. G. 
& Greenberg, G. R.) 5lP 

Ribonuclease, action of, on rat bone marrow and mouse 
ascites tumour cells (Ledoux, L. & Pileri, A.) 25pP 
Ribonuclease inhibition, dilatometric study of (Stockx, J. 
& Thijssen, P.) 22P 

Ribonuclease of rat pancreas, determination of time 
required for biosynthesis of single molecule of (Craddock, 
V. M. & Dalgliesh, C. E.) 250 

Ribonuclease, uptake of, by living amoebae (Brachet, J., 
Briers, M. & Thomas, Y.) 14P 

Ribonucleic acid, content of, in mammary gland (Green- 
baum, A. L. & Slater, T. F.) 148, 155 

Ribonucleic acid, uptake of, by living amoebae (Brachet, 
J., Briers, M. & Thomas, Y.) 14P 

Ribonucleic acids from rat liver, preparation and properties 
of (Pain, R. H. & Butler, J. A. V.) 299 

Rita buchanani, fatty acid composition of fat of (Pathak, 
S. P. & Ojha, V. N.) 193 

Rumen of sheep, absorption of ammonia from (Lewis, 
D., Hill, K. J. & Annison, E. F.) 587 

Rumen of sheep, absorption of volatile fatty acids from 
(Annison, E. F., Hill, K. J. & Lewis, D.) 592 


Salicylate, effects of, on metabolic activity of small 
intestine of rat (Smith, M. J. H.) 42p 

Salicylic acid, metabolism of hydrazides and hydroxamic 
acids derived from (McIsaac, W. M. & Williams, R. T.) 
369 

Saliva, effect of flow and pH of, on metabolism and pH of 
bacterial film on tooth (Kleinberg, I.) 61P 

Sarcina lutea, carbohydrate metabolism in (Holms, W. H. 
& Dawes, E. A.) 24P 

Sarcina lutea, evaluation of routes of glucose utilization in 
(Dawes, E. A. & Holms, W. H.) 24P 

Sarcosomes, heart-muscle, simultaneous measurement of 
extinction changes at three wavelengths in (Holton, 
F. A.) 37P 

Sarcosomes, rat-heart, B-hydroxybutyric acid oxidases of 
(Beechey, R. B.) 
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Sarin poisoning, effects in vivo ofioximes in (Rutland, J. P) 
43 


P 

Sebum, human, observations on squalene and cholesterol 
content of (Boughton, B., MacKenna, R. M. B., Wheatley 
V. R. & Wormall, A.) 32 

Semen, microbiological assay of inositol in (Hartree, E. F.) 


Seminal vesicles of sheep, presence of sorbitol in (Hers, 
H.G.) 

Serum components in sheep, identification of natural and 
induced bacterial antibody with (Mackay, M. E.) 545 

Serum, iodination and fractionation of, by electrophoresis 
(Bangham, D. R. & Terry, R. J.) 579 

Serum proteins, homologous and heterologous, 
labelled, absorption of, fed orally to young rats (Bang. 
ham, D. R. & Terry, R. J.) 579 

Shikimic acid, conversion of, into dihydroshikimic acid by 
Lactobacillus pastorianus var. quinicus (Carr, J. G., 
Pollard, A., Whiting, G. C. & Williams, A. H.) 283 

Silica, soluble, absence of effect of, on metabolism of rat- 
tissue slices (Rowsell, E. V. & Leonard, R. A.) 3p 

Silver nitrate with disulphides, further studies on reaction 
of (Cecil, R. & McPhee, J. R.) 538 

Skin, carbohydrate metabolism of (Cruickshank, C. N. D., 
Trotter, M. D. & Cooper, J. R.) 285 

Skin, presence of plasma proteins in (Humphrey, J. H., 
Neuberger, A. & Perkins, D. J.) 390 

Sodium salicylate, comparison of, and 2:4-dinitrophenol, 
as metabolic stimulants in vitro (Sproull, D. H.) 527 

Sorbitol, presence of, in seminal vesicles and in foetal blood 
of sheep (Hers, H. G.) 30P 

Squalene, biosynthesis of, from piL-B-hydroxy-f-methyl-5- 
{2-"C]valerolactone (Cornforth, J. W., Cornforth, R. H., 
Popjak, G. & Youhotsky-Gore, I.) 10P 

Squalene content of human sebum, observations on 
(Boughton, B., MacKenna, R. M. B., Wheatley, V. R. & 
Wormall, A.) 32 

Squalene, tests for fungicidal, bactericidal, depilatory and 
enzyme-inhibiting properties of (Boughton, B., Mac- 
Kenna, R. M. B., Wheatley, V. R. & Wormall, A.) 32 

Starch-gel electrophoresis, use of, in study of vitamin B,, 
binding by serum proteins (Latner, A. L. & Zaki, A. H.) 54P 

Stereum subpileatum, volatile metabolic products of 
(Birkinshaw, J. H., Chaplen, P. & Findlay, W. P. K.) 
188 

Steroids of pregnant goat’s urine (Klyne, W. & Wright, 
A.A.) 92 

Steroids of urine of pregnant goat and cow (Wright, A. A. 
& Klyne, W.) 41P 

Steroids, oxidation-reduction of, at C-11 (Bush, I. E. & 
Mahesh, V. B.) 56P 

Sterols, “C-labelled, formation of, by yeast (Kodicek, E. & 
Ashby, D. R.) 

Streptomyces, purification of chitinase of (Jeuniaux, C.) 
29P 

Succinic oxidase, inhibition of, by high concentrations of 
carbon dioxide (Ranson, S. L., Walker, D. A. & Clarke, 
I. D.) 57P 

Succinoxidase of mammary gland (Greenbaum, A. L. & 
Slater, T. F.) 161 

Sucrose, formation of, from raffinose and glucose by Taka- 
diastase (Breuer, H. J. & Bacon, J. 8. D.) 462 

Sucrose in castor-bean tissues, incorporation of acetate- 
carbon into (Beevers, H.) 23P 

Sulphatase of ox liver (Roy, A. B.) 700 

Sulphur, radioactive, in aqueous solutions, continuous 
determination of, by a plastic scintillator (Schram, E. & 
Lombaert, R.) 20P 

Sulphydryl groups of myokinase (Callaghan, O. H.) 7P 

Synovial fluid, ox, effects of proteolytic enzymes on 
hyaluronic acid complex of (Blumberg, B. 8. & Ogston, 
A.G.) 342 
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Taka-diastase, action of, o \ mechyl £-fructofuranoside and 
raffinose (Breuer, H. J. & Bacon, J.S. D.) 462 

(%S]Taurine in rat, radiochromatographie study of sub- 
stances formed from (Schram, E. & Crokaert, R.) 
20P 

Tendon, presence of plasma proteins in (Humphrey, J. H., 
Neuberger, A. & Perkins, D. J.) 390 

alloTetrahydrocortisol in human urine (Bush, I. E. & 
Willoughby, M.) 28pP 

Tetrahymena vorax, synthesis of porphyrins by cell sus- 
pensions of: effect of members of vitamin B group on 
(Lascelles, J.) 65 

Thyroxine, influence of, on glucose metabolism and amino 
acid uptake of cultures of human cells (Leslie, I. & 
Sinclair, R.) 17P 

Tilia spp. see Lime tree 

Tobacco mosaic virus, incorporation of 8-azaguanine into 
nucleic acids of (Smith, J. D. & Matthews, R. E. F.) 
323 

Tooth, effect of flow and pH of saliva on metabolism and 
pH of the bacterial film on (Kleinberg, I.) 61P 

Trichloronitrobenzenes, metabolism of, in rabbit (Betts, 
J. J., Bray, H. G., James, 8S. P. & Thorpe, W. V.) 
610 

Tri-iodothyronine, influence of, on glucose metabolism and 
amino acid uptake of cultures of human cells (Leslie, I. & 
Sinclair, R.) 17P 

Trypanosoma rhodesiense, catabolism of glucose by strains 
of (Grant, P. T. & Fulton, J. D.) 242 

Trypsin and pancreatic trypsin inhibitor, kinetics of 
reaction between (Green, N. M.) 407 

Tyrosine, colorimetric determination of (Ceriotti, G. & 
Spandrio, L.) 607 

Tyrosine, micro-method for estimation of (Ottaway, J. H.) 
8P 

Tyrosine, reaction of, with diisopropyl phosphorofluori- 
date (Ashbolt, R. F. & Rydon, H. N.) 237 


Uridine diphosphoglucose dehydrogenase of pea seedlings 
(Strominger, J. L. & Mapson, L. W.) 567 
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Urine, analysis of 17-oxo steroids in, by gradient elution 
(Kellie, A. E. & Wade, A. P.) 196 

Urine, human, identification of Ehrlich-reacting substance 
in (Curzon, G.) 27P 

Urine, human, allotetrahydrocortisol in (Bush, I. E. & 
Willoughby, M.) 28P 

Urine of pregnant goat and cow, steroids and lipids of 
(Wright, A. A. & Klyne, W.) 41P 

Urine of pregnant goat, steroids and other lipids of (Klyne, 
W. & Wright, A. A.) 92 

Urine of pregnant women, 16x-hydroxyoestrone in 
(Marrian, G. F., Loke, K. H., Watson, E. J. D. & 
Panattoni, M.) 60 

Urine, quantitative estimation of pyruvic and «-oxo- 
glutaric acids by paper chromatography in (McArdle, B.) 
144 


Vaccenic acid, detection of, in human plasma (James, A. T. 
& Webb, J.) 515 

Vitamin A, synthesis of a C,, homologue of, and its meta- 
bolism in rat (Redfearn, E. R.) 39P 

Vitamin B group, effect of members of, on synthesis of 
porphyrins by cell suspensions of T'etrahymena vorax 
(Lascelles, J.) 65 

Vitamin B,,, role of, in synthesis of nucleic acids (Venka- 
taraman, P. R. & Barnum, C. P.) 694 

Vitamin B,,, uptake of, by rat-liver slices (Latner, A. L. & 
Raine, L.) 53P 


Wood-rotting fungi, volatile metabolic products of 
( Birkinshaw, J. H., Chaplen, P. & Findlay, W. P. K.) 188 


X-radiation, effect of, on protein and nucleoprotein meta- 
bolism in rat (Richmond, J. E., Ord, M. G. & Stocken, 
L. A.) 123 

Xylenol, oxidation of, by Pseudomonas (Dagley, 8. & 
Patel, M. D.) 227 


Yeast, formation of C-labelled sterols by (Kodicek, E. & 
Ashby, D. R.) 35P 
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papers were read: 


The Ouchterlony gel diffusion plate has become a 
widely used tool in immunology and immuno- 
chemistry. If it is to be a valid tool, it is essential that 
the conclusions drawn from the precipitation 
patterns obtained should in themselves be valid. 
This is not always the case. Certain commonly 
accepted hypotheses and dicta on gel pattern inter- 
pretation (Wodehouse, 1956) can, on the basis of 
recent observations in this and other laboratories 
(Kaminski, 1954; Jennings, 1954, 1956; Wilson & 
Pringle, 1954; Korngold, 1956), no longer be 
accepted as infallible. 

Three types of phenomena subject to erroneous 
interpretation will be demonstrated: single lines 
which are not single antigen-antibody systems; 
crossing lines—i.e. so-called ‘pattern of non- 
| identity’—which are actually identical antigen- 
antibody systems; a true case of Liesegang rings in 
ba specific precipitation system. 


University College, London, W.C. 1) 


Evidence for the multi-component nature of un- 
purified fungal f-1:4-glucanases (‘cellulases’) has 
been given by a number of workers (Gillespie, 
Jermyn & Woods, 1952; Jermyn, 1952; Reese & 
| Gilligan, 1953; Gilligan & Reese, 1954; Miller & 
| Blum, 1956; Hash & King, 1956). Whitaker (1953) 
j and Gilligan & Reese (1954) used calcium phosphate 
i gel-Celite columns (Swingle & Tiselius, 1951) as 
| adsorbents for ‘cellulases’. The latter workers 
jeluted the enzyme components with step-wise 
| increases in phosphate buffer concentration. 

| A calcium phosphate gel column, without Celite 
(Tiselius, 1954), adsorbs the ‘cellulase’ of an 
Aspergillus niger preparation (E19, Rohm and 
Haas Co., Philadelphia, Penn., U.S.A.) and the 
pattern obtained by elution with a concentration 
gradient of phosphate buffer shows that the A. niger 
‘cellulase’ is also multi-component. In a typical 
experiment freeze-dried enzyme (100 mg. protein) 
was adsorbed on a column of calcium phosphate gel 


a 
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The 360th Meeting of the Biochemical Society (the Annual General Meeting) was held in the 
Department of Biochemistry of University College, London, on 28 March 1957 at 10 a.m., when the following 


COMMUNICATIONS 


Complexity of @-Glucanases from Aspergillus niger. By B. A. Stone. (Biochemistry Department, 


Pitfalls in the Interpretation of Ouchterlony Gel Plates. By J. G. Fernserc. (C. L. Bencard 
Allergy Research Unit, Beecham Research Laboratories, Betchworth, Surrey) 


The band of precipitate formed by an antigen- 
antibody interaction in a gel is too often thought of 
as a solid wall impervious to further penetration by 
either reactant. Photomicrographs of such a band 
will be shown to reveal the band as a collection of 
discrete precipitate particles separated by clear gel. 
It is probable that an antigen or antibody molecule 
travelling at random can penetrate the band much 
as a random neutron may pass through several times 
its mean penetration thickness of lead without being 


stopped. 
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(3-2 cm. diam. x A linear concentration 
gradient of phosphate buffer (pH 5-8) (0-005m to 
0-1m in 41.) was applied and the eluant collected 
automatically in 25 ml. fractions. A comparison of 
the activities of the fractions towards phosphoric 
acid—swollen cellulose, sodium carboxymethyl- 
cellulose (NaCMC) and salicin showed that a minor 
component was eluted at 0-0075m with activity 
towards both cellulosic substrates, a second com- 
ponent was eluted between 0-03 and 0-05 which was 
considerably more active towards NaCMC than 
towards cellulose, and a third component eluted 
between 0-055 and 0-07™m was active towards both 
cellulosic substrates. Most of the activity towards 
salicin was eluted between 0-055 and 0-085m as two 
incompletely resolved components, one of which 
coincided with the 0-055—0-07M-‘cellulase’ com- 
ponent. Only slight activity towards salicin was 
associated with the 0-03—0-05M-‘cellulase’ com- 
ponent. 
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‘Laminarinase’ from various sources has been 
distinguished, by its thermolability, from‘ cellulase’ 
(see, for example, Duncan, Manners & Ross, 1956). 
The ‘laminarinase’ of A. niger can be resolved into 
one minor component (0-0075m) and two major 
components (0-015-0-035m and 0-07—0-09m) by 
elution from calcium phosphate gel. The major 
‘laminarinase’ components are thus clearly different 
from the ‘cellulase’ components. The 0-015— 
0-035mM component was also active towards yeast 
glucan but the 0-07—0-09m component was much 
less active. These differences in activity may reflect 
differences in mechanism of action of the two com- 
ponents and/or the detailed structure of the sub- 
strates. 


This work was done during the tenure of an I.C.I. Fellow. 
ship. 
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The Hydroxylation of Nicotinic Acid by Pseudomonas fluorescens. By A. L. Hunt,* D. E. Hueues 
and J. M. LowEenstemw.{ (Department of Biochemistry, and Medical Research Council Unit for 
Research in Cell Metabolism, University of Oaford) 


It has been shown that extracts of Pseudomonas 
fluorescens convert nicotinic acid into 6-hydroxy- 
nicotinic acid, and that these extracts do not 
‘further oxidize this compound (Hughes, 1955). This 
communication deals with a study of the mechanism 
of the hydroxylation reaction, using O-labelled 
oxygen. 

P. fluorescens strain KB1, was grown in 81. 
batches on an inorganic salt medium containing 
OXO yeast extract, 0-05%, and nicotinic acid, 
0-2%, aerated at the rate of 4-51./min. After 
2 days’ growth at 20—23°, 15-18 g. wet weight of cells 
were collected, washed by -centrifugation, and 
crushed at —25° in a Hughes (1951) press. The 
crushed material was ground in a stainless-steel 
homogenizer (Potter & Elvehjem, 1936) in two 
volumes 0-5M-KH,PO, -NaOH buffer pH 7-0, and 
then centrifuged for 20 min. at 1200 g. The cloudy 
viscous supernatant was decanted from the more 
solid layer of cell debris and unbroken cells. 

1-0 ml. bacterial extract, 1-0 ml. 0-2M-potassium 
nicotinate, and water to a final volume of 4-0 ml. 
were incubated in oxygen at 30° until the rate of 
oxygen uptake had decreased to that of a blank 
containing no nicotinic acid (2—4 hr., depending on 
the activity of the bacterial extract). The solution 
was deproteinized by heating in a boiling-water bath 
for 2 min. The resulting precipitate was removed by 
centrifugation. 6-Hydroxynicotinic acid was iso- 
lated from the supernatant by ion-exchange 
chromatography on Dowex-2 resin. The compound 


* 1851 Overseas Scholar. 
Beit Memorial Fellow. 


was recrystallized from water and analysed for #0 
by the method of Rittenberg & Ponticorvo (1956). 

When the incubation was carried out in water 
containing 0-90 atom % excess %O and in un- 
labelled oxygen gas, the product was found to con- 
tain 0-22% excess #80. When the incubation was 
carried out in oxygen containing 2-3% excess 0 
and in unlabelled water, the product contained less 
than 0-:01% excess 0. This indicates that the 
oxygen added in the 6-position of nicotinic acid is 
derived from water. The hydroxylation carried outin 
this system thus differs from hydroxylations in other 
aromatic systems where the hydroxy] group origin- 
ates from molecular oxygen (Udenfriend & Cooper, 
1952; Mitoma, Posner & Udenfriend, 1956; Hayano, 
Lindberg, Dorfman, Hancock & Doeting, 1955). 

We are greatly indebted to Mr G. Dickinson, National 
Institute for Medical Research, Mill Hill, for performing the 
mass spectrometric analyses; and to Dr Rittenberg for 
information prior to publication. 
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3P 


Glutathione and Formation of Mercapturic Acid in vivo. By M. M. Barnss and Sysr P. Jamgs. 
(Physiology Department, Medical School, University of Birmingham) 


In an attempt to identify the source of the cysteine 
moiety of mercapturic acids, experiments have been 
carried out with chlorobenzene, 2:3:4:6-tetrachloro-, 
3:4:5-trichloro- and 3:4-dichloro-nitrobenzene, and 
benzyl chloride. All these compounds are known to 
be readily converted into mercapturic acids in the 
rabbit. From curves for the excretion of mer- 
capturic acid after the administration to rabbits 
of chlorobenzene, 2:3:4:6-tetrachloronitrobenzene, 
3:4:5-trichloronitrobenzene and benzyl chloride 
we have found that neither the rate of excretion of 
mercapturic acid nor the total amount formed is 
significantly enhanced if L-cystine is given before 
administration of the chloro compound The amount 
of L-cystine given was sufficient significantly to raise 
the SH level of the blood. This supports the con- 
clusions of Stekol (1937) that the co-administration 
of sulphur-containing amino acids augments the 
total amount of mercapturic acid formed from 
bromobenzene only in growing animals or in animals 
kept on a low sulphur diet. 

The large amounts of mercapturic acid formed 


from the compounds which we have investigated 
(cf. Bray, James & Thorpe, 1957) make it unlikely 
that tissue protein is the sole source of the cysteine 
moiety of the mercapturic acid. The possibility that 
glutathione is involved in the formation of mer- 
capturic acid has, therefore, been examined (see also 
Bray & Franklin, 1957). 

Nakashima (1934) reported a fall in the level of 
liver glutathione (GSH) in rabbits 24 hr. after they 
had been given naphthalene. When 3:4-dichloro- 
nitrobenzene, 3:4:5-trichlorobenzene or benzyl 
chloride was given to rats we found that a significant 
fall in the GSH of liver, but not of blood, occurred 
within 2 hr. of administration of the chloro com- 
pound. The fall was particularly great with benzyl 
chloride. 
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Glutathione and Formation of Mercapturic Acid in vitro. By H. G. Bray and T. J. FrRanxiin. 
(Physiology Department, Medical School, University of Birmingham) 


Few studies have been reported on the synthesis of 
mercapturic acids in vitro. Mills & Wood (1954, 
1956) showed the synthesis of p-iodophenylmer- 
capturic acid from iodobenzene by rat-liver slices 
and isolated p-iodophenyleysteine from liver, 
kidney and intestine, together with a product which 
appeared to be related to p-iodophenyleysteine and 
which gave rise to the mercapturic acid in the intact 
animal. These workers considered tissue-bound 
sulphur to be the primary source of sulphur for 
mercapturic acid formation. The previous com- 
munication (Barnes & James, 1957) suggests that 
glutathione may be involved. We have found that 
homogenates of liver of rat, rabbit and guinea pig 
liberate S-p-chlorobenzyl-L-cysteine from S-p- 
chlorobenzylglutathione. The activity of the pre- 
parations in this respect ran parallel with their 
glutathionase activity. Phenol red and bromo- 


sulphalein, which inhibit the glutathionase system 
(Binkley & Olson, 1951), reduced the liberation of 
S-p-chlorobenzyl-L-cysteine; glutamine, an acti- 
vator of glutathionase, prevented inhibition by 
phenol red. In experiments where glutathionase 
activity was reduced by the presence of excess 
glutathione, the liberation of S-p-chlorobenzyl- 
cysteine was also reduced. These results suggest 
that the synthesis of mercapturic acid from p- 
chlorobenzy! chloride may involve the formation of 
a glutathione conjugate which is then hydrolysed 
by glutathionase to liberate S-p-chlorobenzyl-L- 
cysteine. 
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The Absence of Effect of Soluble Silica on the Metabolism of Rat-tissue Slices. By E. V. 
RowseEtt and Ruts A. Leonarp. (Department of Biochemistry, University of Sheffield) 


The possibility must be considered that dissolved 
silica is the toxic agent in silicosis (see, for example, 
King, 1950). The effect of 0-02m-soluble silica 
(83% polymerized, colloidal; 17% monomeric, 
molybdate reactive, MR), on the metabolism of rat- 
tissue slices has been investigated. 


Extensive fibrosis in response to silica dust has 
been observed in liver (e.g. Gardner, 1938), spleen 
(Belt, 1939), and lung (many observations, e.g. 
King, Mohanty, Harrison & Nagelschmidt, 1953). 
No effect has been observed with soluble silica on 
the respiration of slices of liver, spleen, lung or 
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kidney. For all tissues investigated manometric 
observations have been continued for 3 hr. Respira- 
tion rates diminished but not more so with silica 
than in the controls. Where the addition of a 
suitable substrate (e.g. succinate with spleen and 
lung), produced an increased respiration, the same 
increase was observed with silica present. Appar- 
ently the silica did not prevent the penetration into 
the cells of the substrates concerned. 

The same concentration of silica had no effect on 
the ability of rat-liver slices to form urea from 
ammonia and carbon dioxide (under the conditions 
of Krebs & Henseleit, 1932), nor on their ability to 
form aceto-acetate from acetate (assayed according 
to Edson, 1935). These results indicate that soluble 
silica did not lower the permeability of the liver cells 
to a variety of different substances (oxygen, carbon 
dioxide, ammonia, lactate, urea, acetate, aceto- 
acetate), and that a considerable number of enzymes 
catalysing a great diversity of reactions (including 
oxidative phosphorylation) were not affected by 
the silica penetrating the cells. 

These negative findings contrast markedly with 
the observation of James & Marks (1956) that a 
lower concentration of soluble silica, 0-005, 
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severely depressed the respiration of leucocytes, 
Possibly these phagocytic cells are uniquely 
vulnerable to the action of dissolved silica. 

It has been found that monomeric, MR silica, 
penetrates into the cells of rat liver and kidney 
slices. With both tissues the concentration of MR 
silica in the total slice water was 90 % of that of the 
surrounding medium after 1 hr. (The rate of pene- 
tration has not been studied.) Inulin estimations on 
the same slices and media indicated 32-5 % extra- 
cellular water for liver and 36-5 % for kidney (ef. 
Robinson, 1950). 
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A Powerful Inhibitor for B-N-Acetylglucosaminidase, and some Observations on the Specifi- 
city of the Enzyme. By C. A. MarsH and G. A. Levvy. (Rowett Research Institute, Bucksburn, 


Aberdeenshire) 


Oxidation of N-acetylglucosamine with gaseous 
oxygen and platinum catalyst (cf. Marsh, 1952; 
Heyns & Koch, 1953) yielded a product that com- 
petitively inhibited B-N-acetylglucosaminidase pre- 
parations from mammalian tissues and from the 
limpet (Patella vulgata). By analogy with inhibitors 
for other glycosidases (Levvy, 1952; Conchie & 
Levvy, 1957), and from its chemical properties, this 
inhibitor would appear to be 2-acetamido-2-deoxy- 
gluconolactone. Purification gave a deliquescent, 
amorphous powder that caused 50% inhibition of 
the hydrolysis of 10 mm-phenyl B-N-acetylglucos- 
aminide by a mammalian preparation in a concen- 
tration of 2-5um: K; had a value of 0-23 uM as 
compared with 0-71 mm for K,,. The inhibitor 
rapidly lost activity on exposure of the solid to air, 
and in buffered solutions at pH 5 or higher. It was, 
however, relatively stable at the pH of enzyme 
assay (4-3), and in distilled water. The acetyl group, 
which was essential for the inhibitory action, could 
not be replaced by other acyl groups. 

2-Acetamido -2-deoxygluconolactone had no 
effect on the hydrolysis of phenyl «-N-acetylglucos- 
aminide by limpet preparations (Conchie, Levvy & 


Marsh, 1956). The relative rate of hydrolysis of this 
substrate to that of the B-anomer varied greatly in 
B-N-acetylglucosaminidase preparations from differ- 
ent sources, and would appear to be catalysed by 
a different enzyme. 

Oxidation of phenyl «- and f-N-acetylglucos- 
aminides with gaseous oxygen and platinum 
yielded the corresponding glucosaminuronides as 
crystalline solids. Neither of these compounds was 
hydrolysed by the appropriate glucosaminidase or 
glucuronidase. 


The authors are indebted to Dr P. W. Kent for specimens 
of 2-benzamido- and 2-toluene-p-sulphonamido-2-deoxy- 
gluconolactones (Hope & Kent, 1955). 
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The Galacturonidase Activity of a- and B-Glucuronidases. By C. A. Marsu and G. A. Lrvvy. 
(Rowett Research Institute, Bucksburn, Aberdeenshire) 


In addition to their action on «- and B-glucuronides, 
extracts from the limpet (Patella vulgata) hydrolysed 
methyl «- and £-galacturonides (Conchie, Levvy 
& Marsh, 1956). Hydrolysis of 8-glucuronides and 
the f-galacturonide was powerfully inhibited by 
saccharo-1:4-lactone, and somewhat more feebly by 
boiled mucic acid solution (Levvy, 1952), whereas 
hydrolysis of both «-glycuronides was unaffected. 
This suggested that hydrolysis of B-galacturonides 
was due to B-glucuronidase, and that «-glucuronid- 
ase was a distinct enzyme. From a study of the 
specificity of glycosidase inhibition by lactones 
(Conchie & Levvy, 1957), it would appear that f- 
glucuronidase of mammalian origin should also 
hydrolyse £-galacturonides, since it is inhibited by 
boiled mucic acid solution. Further evidence in 
support of these conclusions has been obtained, 
employing as substrates phenyl glycuronides pre- 
pared by catalytic oxidation of the glycosides. The 
usual substrate concentration was 10 mM. 

B-Glucuronidase preparations from female rat 
preputial gland, pH optimum 4-5 (cf. Beyler & 
Szego, 1954), were found to hydrolyse phenyl f- 
galacturonide, with an optimum at pH 3-9: the 
ratio of f-glucuronidase to -galacturonidase 
activity was 3-1 at pH 4-5, and 1-9 at pH 3-9. (These 
preparations did not hydrolyse the «-glycuronides.) 
At pH 4-5, K,, was 1:38 mm™ for phenyl f-gluc- 
uronide and 10-5 mm™ for phenyl f-galacturonide; 
with both substrates, the following mean values 
were obtained for K;: boiled saccharate solution 
0-39 uM, boiled mucic acid solution 25 uM, glucuronic 
acid 1-25 mm, galacturonic acid 4-2 mm. 


In a limpet preparation, the pH optimum was 
slightly above 3-0 for phenyl «-glucuronide, and 
about 4-1 for phenyl «-galacturonide: the ratio of 
«-glucuronidase to «-galacturonidase activity was 
1-1 at pH 4-5, 1-5 at pH 4-1 and 2-1 at pH 3-5. (In 
a fungal pectinase preparation, however, the ratio 
at pH 4-5 was 0-11.) At pH 4-1, K,, was 0-45 mm for 
phenyl «-glucuronide and 1-8 mm for phenyl a- 
galacturonide; glucuronic acid and galacturonic 
acid gave values for K; with both substrates of 
about 0-6 and 1-1 mm, respectively. It is still 
doubtful if, in the limpet, «-glucuronidase and «- 
galacturonidase are the same enzyme. 

Like methyl f-galacturonide (Levvy & Marsh, 
1952), 10mm-phenyl f-galacturonide did not 
inhibit the hydrolysis of 0-63 mm-phenolphthalein 
B-glucuronide by mouse-liver f-glucuronidase at 
pH 5-2; at pH 4-5, however, 13% inhibition was 
observed, and a similar result was obtained with a 
rat preputial gland preparation. It would appear 
that pH can be an important factor in employing 
the competing substrate technique (Levvy & 
Marsh, 1954). 
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Nucleotides in the Skeletal Muscle of Codling (Gadus callarias). By N. R. Jones and J. Murray. 


(Torry Research Station, Aberdeen) 


Nucleotides from the muscle of codling killed by 
immersion in liquid air have been studied by the 
formic acid gradient-elution system on Dowex-1 
(Hurlbert, Schmitz, Brumm & Potter, 1954). 
Recoveries of the major adenine and hypoxanthine 
nucleotides from the muscle of rested and ex- 
hausted fish have been measured. In addition GTP, 
UTP, CTP and ‘ADX’ were identified among a 
number of minor components. 

Values for rested fish (umoles/g.; means of 6 
samples) were ATP, 5-34; ADP, 0-576; AMP, 
0:069; DPN, 0-107; IMP, 1-26; and for exhausted 
fish ATP, 0-260; ADP, 0-426; AMP, 0-057; DPN, 
0-338; IMP, 5-86—representing a dephosphoryl- 
ation-deamination of over 80 % of the ATP. 


By the same technique changes have been 
followed in the nucleotide composition of ex- 
hausted codling, caught by trawling and stored, 
after evisceration, in ice at an ambient temperature 
of 2°. Under these conditions of storage the de- 
naturation of actomyosin is likely to be minimal, the 
muscle is not damaged by excision and invasion by 
bacteria does not occur during the first 6 days 
(J. M. Shewan, personal communication). The fish 
had barely passed through rigor after 24 hr. at 
which time values (jmoles/g.; means of 6 fish) were 
ATP, 0-120; ADP, 0-196; AMP, 0-055; DPN, 
0-048 and IMP, 4-34. After 2 days values were ATP, 
0-095; ADP, 0-202; AMP, 0-125; DPN, 0-055 and 
IMP, 4-30. Thereafter IMP fell steadily to 0-660 at 
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6 days, ATP levels remained constant at about 0-10 
as did AMP at 0-14, with ADP levels falling very 
slightly to 0-14. At these levels the adenine nucleo- 
tides appear to be resistant to further non-bacterial 
enzymic attack and also to leaching, which rapidly 
removes some other metabolites (Jones, 1954; 
Shewan & Jones, 1957). The total ribose extractable 
by trichoroacetic acid and estimated by the method 
of Meijbaum (1939) fell from 9-4 to 8-9 umoles/g. 
over the 6 days. It is reasonable to suppose that the 
residual nucleotides fraction may correspond with 
the bound nucleotide of myofibril (Perry, 1952). 
Estimations of the proportions of ribose not 
precipitated by barium acetate at pH 8-2 in 76% 
ethanol (Le Page, 1949) to total ribose were in good 
agreement with the nucleotide analysis. 


We have recently reported (Simkin, 1955; Simkin & 
Work, 1957) a method, involving differential 
extraction, for fractionating liver microsome 
material, and have applied the method in a study of 
the rate of incorporation in vivo of “C-amino acids 
into various proteins of the guinea-pig liver micro- 
some fraction. This method has now been applied to 
the study of the pattern of labelling of microsome 
protein in vitro. ' 

The microsome-cell sap fractions employed were 
isolated from guinea-pig liver as previously de- 
scribed, and incubated under conditions similar to 
those described by Zamecnik & Keller (1954). 
Under these conditions incorporation into micro- 
some protein proceeded approximately linearly for 
about 20min., and then abruptly ceased (cf. 
Zamecnik & Keller, 1954). The fractionation pro- 
cedure was accordingly applied to microsome 
material isolated after 0, 5, 10, 15 and 20 min. 
incubation ; the protein of each subfraction was then 
isolated. Microsome material labelled in vivo 
suffered little or no change in the distribution of 
radioactivity between the various subfractions 
when subjected to the conditions of the incubation 
procedure. 

The most striking feature of the results obtained 
was the pattern of uptake of !4C-amino acid into the 
protein of a microsome subfraction (fraction B, 
Simkin & Work, 1957) containing ribonucleic acid 


The work described in this paper was carried out as part 
of the programme of the Food Investigation Organization 
of the Department of Scientific and Industrial Research, 
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Incorporation of “C-Amino acids into Proteins of the Guinea-pig Liver Microsome Fraction 
in vitro. By J. L. Smmxrn. (National Institute for Medical Research, Mill Hill, London, N.W. 7) 


and protein. After a short lag period, there was a 
very rapid uptake into the protein of this fraction, 
which attained an activity approximately twice 
that of the whole microsome protein, followed by a 
decrease in activity. In contrast, the protein of 
another ribonucleoprotein subfraction (fraction C) 
increased steadily in activity during incubation, 
gradually approaching, but not exceeding, the 
whole microsome protein value. 

The pattern of incorporation found in this én vitro 
system is different to that previously established in 
vivo. While a rapid uptake into the protein of a 
ribonucleoprotein fraction is observed in both 
instances, in contrast to the results quoted above 
the protein of fraction C was most rapidly labelled 
in vivo, while the protein of fraction B had an 
activity always lower than that of the whole 
microsome protein. It is therefore suggested that 
data obtained in studies of in vitro systems of this 
type should be interpreted with caution, especially 
when correlation is attempted with data obtained 
on the intact animal. 
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The Protective Action of Pyridine-2-aldoxime Methiodide in Organophosphate Poisoning. 
By F. Hossicer. (Department of Pharmacology, Middlesex Hospital Medical School, London, W. 1) 


Previous studies have shown that pyridine-2- 
aldoxime methiodide (P,AM) is a potent reactivator 
of freshly phosphorylated human _ acetocholin- 
esterase in vitro. The concentrations of P,AM which 
are required to restore 50 % of the enzyme activity 
within 1 hr. at 37° and pH 7-4 are 2-7 x 10-° for the 
diethylphosphoryl-enzyme and 6-1 x 10-4m for the 
diisopropylphosphoryl-enzyme (Hobbiger, 1956). 
To obtain more information about the therapeutic 
usefulness of P,AM, experiments have now been 
carried out to investigate its effect on organophos- 
phate poisoning in vivo. 

Mice were given 25 mg./kg. P,AM intraperitone- 
ally 30 min. after the subcutaneous injection of a 
sublethal dose of an organophosphate which forms 
a diethylphosphoryl-enzyme [tetraethyl pyrophos- 
phate (TEPP), diethyl-p-nitrophenylphosphate 
(E600), 
anilinium methylsulphate (Ro 3-0340) and 3-(dieth- 
oxyphosphinyloxy)-N-methylquinolinium methyl- 
sulphate (Ro 3-0422)]. Acetocholinesterase activities 
of whole blood and brain were determined at }$ hr. 
intervals and identical results were obtained with 
all four organophosphates: P,AM restored about 
50 % of the activity of phosphorylated acetocholin- 
esterase of whole blood over a period of 2 hr. but had 
far less effect on the phosphorylated acetocholin- 
esterase of brain. No enzyme reactivation could be 
detected with certainty if P,AM was given 30 min. 


The Sulphydryl Groups of Myokinase. 


after the subcutaneous injection of a sublethal dose 
of diisopropyl phosphorofluoridate (DFP). 

To determine the effect of P,AM on lethal doses of 
the organophosphates 25 mg./kg. P,AM were given 
intraperitoneally 5 min. before the subcutaneous 
injection of the organophosphates. These experi- 
ments showed that P,AM raises the L.D.50 of 
Ro 3-0340 and E600 about three- to eightfold; the 
L.D.50 of TEPP and Ro 3-0422 is about doubled 
and the protection against DFP is only just detect- 
able. The action of P,AM is markedly potentiated by 
atropine sulphate (1 and 50 mg./kg. intraperitone- 
ally). The degree of protection given by the com- 
bined use of atropine and P,AM is highest for E600 
and Ro 3-0340 and less for TEPP, Ro 3-0422 and 
DFP;; the effect on the last three organophosphates 
is of a similar order. 

Kewitz, Wilson & Nachmansohn (1956) con- 
cluded from their work that P,AM protects mice 
against the lethal effects of organophosphates 
solely by its effects on phosphorylated cholin- 
esterase. Some of the results presented here do not 
support such a conclusion. 
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By O. H. CattacHan (introduced by G. WEBER). 


(Department of Biochemistry, University of Sheffield) 


Colowick & Kalckar (1943) reported the presence of 
sulphydryl groups in myokinase. The present author 
has found that these groups are highly reactive. 
Solutions of purified myokinase (Callaghan, 1956) 
are inactivated by storage in glass vessels or cello- 
phane tubing. Impure samples may be stored 
safely in glass, but are inactivated by cellophane. 
After 48 hr. exposure, all activity is lost, but 90% 
of the original activity may be recovered by 
addition of excess cysteine. In the purest samples, 
irreversible inactivation amounting to 60 % occurs 
after 96 hr. exposure to glass. The enzyme is in- 
hibited by p-chlormercuribenzoate and this in- 
hibition is completely reversed with excess cysteine. 
Heating the enzyme in polythene tubes at 100° for 
10 min. in 0-1 N-HCl produces total inactivation, but 
15-40% of the original activity is recovered on 
addition of cysteine. If excess cysteine is present 
during the heating, 70-90% of activity remains. 
Heating at 90° for 10 min. in 0-1N-HCl produces 


approximately 80% irreversible inactivation, but 
only 35-60% is inactivated if actomyosin (Szent 
Gyorgyi, 1951) haemoglobin, or crystalline bovine 
serum albumin (Armour) is present during the 
treatment. Bowen & Kerwin (1956) have recently 
reported the protective effect of proteins on myo- 
kinase. In nearly all cases, an additional 10-20%, 
activity is recovered by subsequent treatment with 
cysteine. 

The results indicate that the inactivation of 
myokinase takes place through an intermediate 
stage involving the reversible oxidation of sul- 
phydryl groups, the oxidized protein being more 
readily denatured by heat. 

Pure myokinase gives an immediate nitroprusside 
reaction which is obliterated by excess p-chlor- 
mercuribenzoate. ‘Titration of the sulphydryl 
groups with methyl mercury nitrate (Edelhoch, 
Katchalski, Maybury, Hughes & Edsall, 1953) 
indicates that the enzyme has two sulphydryl 
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groups per molecule, assuming a mol.wt. of 21000 
(Noda & Kuby, 1956). Conversely, a unit mol.wt. of 
10 800 per sulphydryl group may be calculated. The 
tissue extracts from which myokinase is purified 
contain a large number of titratable sulphydryl 
groups (about sixty groups per myokinase —SH 
group) which may thus be responsible for the 
stabilization of the enzyme in such solutions. 
Ultracentrifuge data showed no alteration in 
sedimentation rate when the enzyme is oxidized, 
thus eliminating the possibility of polymerization of 
the enzyme by formation of disulphide linkages. 
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Role of Carotenoids in Energy Migration and Photo-oxidation in Chlorophyll Systems. By 
F. W. J. TEALE and G. WEBER. (Department of Biochemistry, University of Sheffield) 


The red fluorescence of cabbage chloroplasts excited 
with Hg 366 radiation shows a polarization of 
2-3 %, indicating the transfer of the excited state. 
The calculated number of random transfers 7% (Weber, 
1954) is 6-10. Concentrated chlorophyll A solu- 
tions in liquid paraffin show transfer depolarization 
of the fluorescence, but at concentrations above 
5x 10-*m the polarization increases, due to the 
limitation of the transfer sequence by the non- 
fluorescent dimer molecules (Watson & Livingston, 
1950). The chlorophyll concentration in chloroplasts 
is about 0-1m, so that a mechanism preventing 
dimerization of chlorophyll molecules must exist. 
By dissolving pigments in detergent micelles, 
solutions having high local concentrations of pig- 
ments comparable to that existing in the chloro- 
plast, with low overall absorption, are obtained. 
Using this system, evidence was obtained that 
carotenoids are concerned in preventing chlorophyll 
dimerization. In a typical experiment, when 
chlorophylls A and B (ratio 3:1) were dispersed in 
micelles to give a local concentration of 3 x 10-3M, 
the polarization of fluorescence indicated 7= 3-6, 
while in micelles with added carotenoids (1 mol./ 
5 chlorophyll mol.), 7=6-9. At the same time, the 
quantum yield of the fluorescence was increased by 
30%. Thus, in presence of carotenoids the chloro- 


phyll molecule had a higher probability of transfer 
and a lower probability of quenching. 

The rate of photo-oxidation as measured by the 
disappearance of the chlorophyll absorption, when 
the two micelle systems were irradiated with red light 
not absorbed by carotenoids was at least 4 times 
faster in the absence of carotenoids. These experi- 
mental results can all be explained by assuming that 
in the absense of carotenoids transfer among the chlo- 
rophyll molecules ends more often in a dimer molecule 
and is followed by oxygen activation and photo- 
oxidation. Addition of carotenoids, by decreasing 
the dimerization, results in anincrease in the number 
of transfer as well as decreased photo-oxidation. 

Griffiths, Sistrom, Cohen-Bazire & Stanier (1955) 
have found that the chlorophyll of carotenoid-free 
mutants of the blue-green alga Rhodopseudomonas 
spheroides is photo-oxidized and the organism cannot 
carry out photosynthesis. Our in vitro experiments 
appear to offer an explanation for this observed in 
vivo effect. 
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A Micro-Method for the Estimation of Tyrosine and its Application to Tyrosine Excretion by 
Phenylketonurics. By J. H. Orraway. (Department of Biochemistry, University College, London, 


W.C. 1) 


Gerngross, Voss & Herfeld (1933) first described a 
method of estimating tyrosine based on the colour 
reaction with 1-nitroso-2-naphthol in nitric acid 
solution. Improvements were later suggested by 
Maciag & Schoental (1938). A great disadvantage 
of the method is that the colour fades rapidly in 
light. It has been found that fading may be reduced 


to negligible proportions if the solution is free from 
alcohols, if it contains FeCl, (or other yellow com- 
pounds), and if it contains about 0-25m-NaCl. 
Reproducible results may be obtained with 3 yg./ 
ml. tyrosine, up to about 100 yg./ml. The reaction is 
specific for p-alkylated phenols. Tryptophan, if 
present, does not give a colour, but reduces the 
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colour given by tyrosine by up to 20 %. This may be 
allowed for. Fe*+, Co?+ and Ni*+ ions, and strong 
reducing agents, interfere. 

The procedure suggested is to add to 2 ml. of 
tyrosine solution 0-1 ml. of an 03% solution of 
1-nitroso-2-naphthol in acetone, and to warm the 
mixture for 5 min. in a water bath at 60°. The solu- 
tion is then removed from the bath, 4 drops of con- 
centrated nitric acid are added, and it is returned to 
the bath for 1 min. Colour development is complete 
almost at once. After 5-10 min. cooling in air, 6 ml. 
of stabilizing solution are added. This is made by 
mixing 200 ml. of M-NaCl with 250 ml. of acetone, 
and diluting to 11. 1 ml. of m-FeCl, should be added 
to each 100 ml. of this solution just before use. The 
colour may be read at 500 my, and is stable for 
1-2 hr. 


The tyrosine output in the urine of normal people 
is 40-70 mg./day (Ulrich, Schropp & Martin, 1954; 
confirmed by the present method). The ‘tyrosine’ 
in the urine of three phenylketonuric patients has 
been found to be 160-225 mg./day. Only a small 
part of this is p-hydroxyphenylpyruvic acid. This 
greatly increased excretion suggests that the meta- 
bolism of tyrosine, as well as of phenylalanine, may 
be deranged in this disease. 
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Kinase Activity of Ultra-sonic Extracts of Acetobacter suboxydans. By J. A. Fewster.* (Micro- 
biology Unit, Department of Biochemistry, University of Oxford) 


Tests for kinase activity in ultra-sonic extracts of 
Acetobacter suboxydans (A.T.C.C. 621) (Fewster, 
1957) have been made by the manometric measure- 
ment of acid production during transphosphoryl- 
ation (Colowick & Kalckar, 1943) from ATP to a 
number of carbohydrate substrates which are 
oxidized by the organism. The system employed 
was: 1 ml. extract (20 mg. protein), 20 umoles ATP, 
20umoles MgCl,, and 20pumoles of substrate in 
0:021M-NaHCO,; gas phase 95% N,-5% CO,; 
pH 7-5, 30°. The high ATP-ase activity of the 
extract was 80% inhibited by 0-1M-KF. The rates 
of phosphorylation relative to that of p-glucose by 
(a) extracts of organisms grown on a medium con- 
taining glucose, and (b) figures in parentheses, 
extracts of organisms grown on a medium containing 
mannitol are as follows: p-glucose, 100 (100); 
D-mannose, 60 (45); D-galactose, 0 (0); D-fructose, 
200 (120-150); L-sorbose, 5 (4); p-gluconate, 8-15 
(0); 2-oxo-p-gluconate, 50—60 (20); 5-oxo-p-glucon- 
ate, 25-30 (5); D-xylulose, 50—70 (15). The relative 
rates of phosphorylation of glucose, mannose, and 
fructose by extracts of glucose-grown organisms are 
very similar to those recorded by Berger, Slein, 
Colowick & Cori (1946) for yeast hexokinase when 
saturated with these substrates. Phosphorylation of 
D-xylulose, which may arise by decarboxylation of 
5-oxo-D-gluconate, to give D-xylulose 5-phosphate 
would provide a substrate for transketolase 
(Stumpf & Horecker, 1956). This would establish a 
link between the early stages of glucose oxidation 

* Guinness Research Fellow in Microbiological Bio- 
chemistry. 


not involving phosphorylation (Fewster, 1956, 
1957) and the pentose cycle shown to be present 
in A. suboxydans by Hauge, King & Cheldelin 
(1955). 

For the phosphorylation of glucose, mannose and 
fructose a requirement for Mg*+ has been demon- 
strated. Glucose phosphorylation is completely 
inhibited by 10-4m-phenyl-mercury acetate and 
restored by 5x 10-*m-cysteine; this observation 
suggests that the kinase contains sulphydryl groups 
essential for its activity. Similar presumptive 
evidence exists for yeast hexokinase (Colowick, 
1951). 

Centrifuging the ultra-sonic extract at 100000 g 
yields a particulate fraction possessing strong 
oxidative abilities (Fewster, 1957) but very low in 
kinase activity, while high phosphorylative activity 
is retained by the soluble fraction in the supernate. 
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Biosynthesis of Squalene and Cholesterol from DL-8-Hydroxy-8-methyl-5-[2-“C]valerolactone, 
By J. W. Cornrortu, Rita H. Cornrortu. (The National Institute for Medical Research, London, 
N.W.7), G. PopsAK and IRENE YouHotsky-GorE. (M.R.C. Experimental Radiopathology Research 


Unit, Hammersmith Hospital, London, W. 12) 


The report of Tavormina, Gibbs & Huff (1956), that 
is 
utilized in liver homogenates for the biosynthesis of 
cholesterol with an efficiency (43%) far exceeding 
any previously tried precursor, suggested that this 
substance probably yields a branched five-carbon 
intermediate (isoprenoid unit), which is directly 
used in the biosynthesis of squalene and cholesterol. 
Tavormina & Gibbs (1956) found further that C-1 of 
the lactone is not used in the synthesis of cholesterol, 
but is eliminated as CO,. 

We have synthesized pDL-8-hydroxy-f-methyl-6- 
[2-4C]valerolactone by the Reformatsky reaction 
from 3-oxobut-l-yl acetate and methyl [2-C]- 
bromacetate and tested it with homogenates of rat 
liver in the synthesis of squalene and cholesterol. 
When 10 pmoles of lactone were incubated for 2 hr. 
at 37° with 13 ml. of homogenate (pH 7-4) in the 
presence of squalene 3-2 pmoles of lactone were con- 
verted into squalene but only 0-1 pmole into chol- 
esterol. When squalene is omitted from the incuba- 
tion most of the radioactivity appears in sterols 
precipitable with digitonin. However, the total 
amount of lactone used for the synthesis of squalene 
plus sterols is the same whether squalene is added to 
the homogenates or not. 

We have degraded the [4C]squalene formed in 


@-Hydroxybutyric Acid Oxidases of Rat Heart Sarcosomes. By R. B. BEEcHEY. 


the homogenates by methods previously described 
(Cornforth & Popjék, 1954) and have found that 
virtually all the radioactivity was confined to the 
terminal methyl carbons and to four other carbon 
atoms within the carbon-chain of the molecule, 


These four labelled atoms correspond, according to | 


Klyne’s (1954) notation for the carbons of iso. 
prenoid units in squalene 

CH, 

| | 

(—CH,—_C—CH—CH,— ; —w—a=y—z—), 

to carbons denoted by w. Little, if any radioactivity 
could be attributed to carbon atoms w’, indicating 
that w and w’, derived from C-2 and the B-methyl 
carbon respectively of the lactone, remain distinct 
during the biosynthetic process. 


We wish to thank Professor A. Wormall, F.R.S., for a 
gift of samples of squalene. 
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(Medical 


Research Council, Experimental Radiopathology Research Unit, Hammersmith Hospital, London, W. 12) 


The prime purpose of this work was to establish 
whether heart sarcosomes oxidize either of the two 
isomers of DL-f$-hydroxybutyric acid (BOH) by a 
single-step oxidation, comparable with the action of 
liver mitochondria on the p(— ) isomer (Lehninger & 
Greville, 1953). 

In the presence of 8 x 10-4m-ATP, 2-5 x 10-4m- 
D(— )-BOH is completely oxidized to carbon dioxide 
and water; 15-20 pl./mg. protein/hr. Malonate 
completely inhibits this oxidation. Under similar 
conditions the oxidation of the L(+) isomer is 
usually insignificant, go,<1-0. However, in the 
presence of fumarate, the oxidation of L(+ )-BOH 
is enhanced, Ios 10-15. 

Sodium fluoride, 10-2 to 10-4m, does not affect the 
oxidation of p(—)-BOH, but both the rate and 
extent of oxidation of L(+ )-BOH, in the presence of 
fumarate, are inhibited by fluoride over this con- 
centration range. 


Uncoupling agents inhibit the oxidation of both 
L(+)- and p(—)-BOH; 10-4 to 10-°m-2:4-dinitro- 
phenol almost completely inhibits both oxidases; 
10-4 to 10-*m-dicoumarol also extensively inhibits; 
L-thyroxine and L-tri-iodothyronine, 10-4M, inhibits 
the oxidation of p(—)-BOH after prior incubation 
with the sarcosomes at 0°. 

It appears that in sarcosomes the oxidative path- 
ways are different for the two isomers of BOH, at 
least over part of the route to carbon dioxide and 
water. It seems likely that the final stages of both 
oxidations involve the tricarboxylic acid cycle. 
Thus the use of the racemic mixture as a substrate 
in studies of oxidative phosphorylation or of the 
respiratory chain in heart sarcosomes involves a 
complex of enzymes. This is in contrast to the situa- 
tion in liver mitochondria, where the one-step 
oxidation of the D(—) isomer to acetoacetic acid 
permits the investigation of a typical DPN-linked 


Pre 


Eff 


oxic 
om 
= I 
D(- 
Lab 
Al 
dia! 
saci 
ven 
+ req 
tub 
= 
= 
Eig 
() 
die’ 
at 
the 
ap] 
ret 
Nit 
car 
gen 
sign 
die 
I 
wel 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY lle 
oxidase enzyme system uncomplicated by the 
simultaneous oxidation of other substances. REFERENCE 


I wish to thank Dr G. D. Greville for a generous gift of 
p(-)- and 1(+)-B-hydroxybutyric acids, and Organon 
Laboratories Limited for a gift of dicoumarol. 


Lehninger, A. L. & Greville, G. D. (1953). Biochim. biophys. 
Acta, 12, 188. 


DEMONSTRATIONS 


A Method for Preparing Cellulose Nitrate Dialysis Tubing. By B. A. Stoner. (Biochemistry 


Department, University College, London, W.C. 1) 


Ordinary cellophan sacs are readily weakened during 
dialysis of active cellulases, and cellulose nitrate 
sacs, which are unattacked, must be used. A con- 
venient method for preparing these in quantity 
is as follows. An open ended glass tube of the 
required diameter, about 12 in. long, is coated 
with sodium carboxymethylcellulose, NaCMC (I.C.I. 
Ltd. ‘Edifas’ B) by dipping it into a 3-4 % aqueous 
solution, draining and drying at 100°. The cooled 
tube is then carefully dipped into an alcohol-ether 
solution of collodion (B.D.H. Ltd. collodion for 


preparing permeable membranes), removed without 
allowing the coated tube to touch the sides of the 
vessel, and the ether allowed partially to evaporate 
whilst the tube is held vertically. The tube is then 
immersed in warm water which dissolves the 
NaCMC coating, allowing the easy removal of the 
cellulose nitrate tubes which are formed on the 
inside and outside of the glass tube. The collodion 
tubes when washed free of NaCMC can be used in the 
normal way or stored under water. 


Properties and Comparison of some Pharmacologically Active Polypeptides. By A. P. Matxias 
(Department of Biochemistry) and M. ScHAcHTER (Department of Physiology). (University College, 


London, W.C. 1) 


Effect of Very High and Low Protein Diets on some Aspects of Nitrogen Metabolism in the 
Obese Human and Normal Rat. By G. L. 8. Pawan. (Professorial Medical Unit and Institute of 
Clinical Research, Middlesex Hospital Medical School, London, W. 1) 


Eighteen obese patients, more than 35% above 
their ‘ideal’ body weights, were each placed on 
three types of 1000 calorie diets in which 90 % of the 
calories were supplied by (a) protein, (b) fat, and 
(c) carbohydrate, for periods of 4-14 days on each 
diet. Water and sodium chloride were kept constant 
at 31. and 10g. respectively, on all diets. During 
the low protein periods the subjects remained in 
approximate nitrogen balance, while some protein 
retention occurred on the high protein diet. 
Nitrogen retention was no greater in the high 
carbohydrate than in the high fat periods. Endo- 
genous ‘creatinine chromogen’ clearance was 
significantly higher on the protein than on the other 
diets. 

Four groups of normal adult female Wistar rats 
of approximately 200 g. each (5 animals per group) 
were given 40 calories per rat daily with adequate 
vitamins, essential fatty acids, salt-mixture, and 


water ad lib., for a period of 4 months. Group (a) 
received 90% of the calories in the form of fat 
(Arachis oil and butterfat), group (b) 90% of the 
calories as protein (casein), group (c) 90% of the 
calories as carbohydrate (glucose-sucrose—dextrin 
mixture), and group (d) received a normal propor- 
tioned diet ‘41’. During the first week, nitrogen 
output was greater in the fat group (a) than in the 
carbohydrate group (c), but later in the experiment 
the fat group (a) showed greater nitrogen retention 
than the carbohydrate group (c). Final body weights 
of the animals were in the following order of in- 
creasing weight ; high protein (6), high carbohydrate 
(c), high fat (a), normal diet (d). Percentage carcass 
nitrogen composition of the groups at the end of the 
experiment were in the following increasing order: 
(c), (a), (a), (6). 

I am grateful to Professor Alan Kekwick for providing 
facilities for this work. 
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Enzymic Determination of Blood Glucose. By A. St G. Huecert and D. A. Nrxon. (Department 
of Physiology, St Mary’s Hospital Medical School, London, W. 2) 


The method is based on the specific oxidation of 
glucose by glucose oxidase (Keilin & Hartree, 1945) 
and the determination of the resulting peroxide 
with peroxidase in the presence of a suitable chro- 
mogenic oxygen acceptor (Keston, 1956; Teller, 
1956). 

Requirements. (i) Mixed enzyme-dye reagent: 
glucose oxidase 125 mg., peroxidase 5mg., o- 
dianisidine 0-5 ml. of 1% solution in 95 % ethanol. 
Made up to 100ml. with 0-5m-NaH,PO,,2H,O 
and adjusted to pH 7-0 with NaOH. (ii) Water 
bath thermostatically controlled at 35°. 

Procedure. Into a series of test tubes are pipetted 
0-2 ml. samples of 1:10 deproteinized filtrates of 
whole blood, standard glucose solutions and the 
water blank. Deproteinization can be satisfactorily 
achieved using NaOH-ZnSO,, 10% trichloroacetic 
acid or absolute alcohol. Standard solutions of 5, 
10 and 15 mg. % are used or such others as are 
indicated by the concentration of the unknowns. To 
each tube is added 2-5 ml. of the mixed enzyme- 
dye reagent. The tubes are then placed in the water 
bath for 1 hr. Maximum chromogenesis takes place 


at 35° and within 60 min. and colour is maintained 
for several hours and thus accurate timing is w- 
necessary. 

The colour developed is read on a Spekker 
absorptiometer with blue 601 filters or in a Hilger 
spectrophotometer at 420 mp. 

A standard curve is constructed from which the 
concentration of glucose present in the unknown 
may be calculated. 

The development of colour is linear with the above 
quantities of enzyme. By increasing the volume of 
mixed enzyme-dye preparations a linear relation. 
ship of glucose to colour (at least up to 500 yg.) can 
be obtained. Good duplicates and recoveries are 
obtained even in the presence of fructose. 
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The 361st Meeting of the Society was a joint meeting with the Société Belge de Biochimie—Belgische 
Vereniging voor Biochemie, and took place in the Department of Biochemistry of the University of Oxford on 
Friday and Saturday, 12 and 13 April 1957, starting at 11 a.m. on the Friday. 


COMMUNICATIONS 


Acetate Metabolism in Acetate-Grown Pseudomonas. By H. L. Kornperc. (M.R.C. Cell Metabolism 
Research Unit, Department of Biochemistry, University of Oxford) 


Pseudomonas KB1 grows rapidly on synthetic 
media containing acetate as sole carbon source. 
Resting cultures oxidize acetate and all inter- 
mediates of the tricarboxylic acid cycle, suggesting 
that the cycle operates in these cells when they are 
grown on acetate, as it does when they are grown on 
succinate (Kogut & Podoski, 1953). When growing 
cells were incubated with “CH,COONH,, label 
appeared initially (3--30sec.) only in the inter- 
mediates of the cycle and in amino acids directly 
derived therefrom, such as glutamate, aspartate and 
alanine. At the shortest times of incubation, over 
50% of the incorporated “C was present in as- 
partate and malate. Phosphorylated compounds 
did not become labelled until later, which showed 
that mechanisms such as those operating in photo- 
synthetic (cf. Calvin, 1955) or autotrophic (Tru- 
dinger, 1955; Santer & Vishniac, 1955) organisms 
were not of primary importance in the incorporation 
of acetate. Results of degradative studies of 
labelled amino acids synthesized by organisms 
growing on [}4C]acetate (Cutinelli, Ehrensviard, 
Reio, Saluste & Stjernholm, 1951; Kornberg & 
Quayle, unpublished) agree with the view that 
acetate is utilized via the tricarboxylic acid cycle. 
Comparison of the incorporation of “CH,COONH, 
into synthesized amino acids in the presence and 
in the absence of unlabelled CO, (Kornberg, 1956) 
showed that a compound in ready equilibrium with 
CO, occurs at one of the earliest stages in the meta- 


bolic path of acetate. It is likely that this compound 
is oxaloacetate. 

When micro-organisms grow on acetate as sole 
carbon source, i.e. when intermediates are drained 
from the tricarboxylic acid cycle to provide the 
carbon skeletons of synthesized amino acids, rapid 
net syntheses of C,-dicarboxylic acids must occur 
from acetate to provide the acceptor for C, units 
entering the cycle. The high initial radioactivity of 
C, compounds, as well as the results of CO, isotope- 
dilution studies (Kornberg, 1956), suggest that 
acetate enters the cycle at at least two sites, to form 
citrate at one and to form directly C, compounds at 
the other. These findings are consistent with the 
view that C,-dicarboxylic acids arise both from the 
tricarboxylic acid cycle and from the auxiliary 
mechanism demonstrated in cell-free extracts 
(Kornberg & Madsen, 1957). 
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Formation of C,-Dicarboxylic Acids from Acetate by Pseudomonas KB1. By H. L. Kornpere 
and N. B. MapsEn.* (M.R.C. Cell Metabolism Research Unit, Department of Biochemistry, University 


of Oxford) 


Experiments with cell-free extracts of Pseudomonas 
KB1 were undertaken to elucidate the mechanism 
by which net syntheses of C,-dicarboxylic acids from 
acetate are achieved in these organisms (Kornberg, 
1957). Acetate-grown Pseudomonas KB 1 cells were 
crushed by the method of Hughes (1951), homo- 

* Post-doctoral Fellow in the Medical Sciences, National 
Research Council—National Academy of Sciences (U.S.A.). 


b 


genized with 0-1M-potassium phosphate, pH 7-6, 
and centrifuged at 25 000 g. The clear supernatant 
fraction contained aceto-CoA-kinase (Jones & 
Lipmann, 1955) and condensing enzyme (Ochoa, 
1955) and also catalysed the rapid conversion of 
isocitrate to succinate and glyoxylate (Smith & 
Gunsalus, 1954; Saz & Hillary, 1956). When this 
supernatant fraction was incubated with isocitrate, 
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144CH,COONa, coenzyme A, ATP and glutathione, 


labelled malate was formed. This incorporation of 


144C also occurred when glyoxylate replaced iso- 
citrate in the above system, but no isotope was 
incorporated in the absence of enzyme, ATP, 


glyoxylate or isocitrate. The net formation of 


malate from acetate and glyoxylate by extracts in 
the presence of ATP, coenzyme A and glutathione 
under anaerobic conditions was also demonstrated. 
The malate formed was measured by the malic 
decarboxylase of L. arabinosus (Nossal, 1951). An 
enzyme similar to, or identical with, the malate 
synthetase of Wong & Ajl (1956) is therefore present 
in these extracts. 

These results indicate that cells of acetate-grown 
Pseudomonas KB 1 contain all the enzymes necessary 
to effect the net synthesis of C,-dicarboxylic acids 
by the following reactions: 

ésocitrate — succinate + glyoxylate, 

acetate + ATP +coenzyme A acetyl-coenzyme 

A (+AMP+ PP), 
acetyl-coenzyme A + glyoxylate > malate + 
coenzyme A, 


Chromaffin Granules and Mitochondria. 
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the net result being: 


acetate + isocitrate + ATP — malate + succinate 
(+AMP+ PP). 


In conjunction with the other reactions of the tri- 
carboxylic acid cycle, these reactions provide a 
mechanism which acts to replace intermediates 
drained from the tricarboxylic acid cycle when 
micro-organisms grow on acetate as sole carbon 
source. 
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By H. Buascuxo, JEAN M. HaGen and P. Hacen,. 


(Department of Pharmacology, University of Oxford) 


Cytoplasmic granules prepared from homogenates 
of adrenal medulla contain not only the bulk of the 
catechol amines present in this tissue, but also 
typical mitochondrial enzymes. Experiments have 
now been carried out in order to establish whether or 
not these enzymes are held in the same granules as 
the amines. 

A suspension of ‘large granules’ in 0-3M-sucrose, 
prepared from the bovine adrenal medulla as 
described by Blaschko, Born, D’Iorio & Eade 
(1956), was layered over a density gradient in a 
centrifuge tube; the molarity of the sucrose solution 
was 1-6 at the top and 2-25m at the bottom. After 
centrifugation for 60min. at 142000g (Spinco 
preparative ultracentrifuge, head SW239), the 
different layers were separately collected ; determi- 
nations were carried out of: succinic dehydrogenase, 
fumarase, amine oxidase, catechol amines and ATP. 

It was found that all three enzymes were present 
mainly in a densely opaque zone at the top of the 


The Uptake of Ribonuclease and Ribonucleic Acid by Living Amoebae. 


gradient; little enzymic activity was recovered in 
the lower layers. On the other hand, catechol 
amines and ATP were recovered mainly from the 
lower layers; the fraction rich in enzymes was poor 
in amines and ATP. 

These findings strongly suggest that mitochondria 
and chromaffin granules are distinct structures. This 
conclusion is in accord with electron-microscopi¢ 
studies (Lever, 1955; Sjéstrand & Wetzstein, 1956), 
according to which the chromaffin cells contain 
typical mitochondria as well as strongly osmio- 
philic granules; these latter probably carry the 
catechol amines. 
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By J. Bracuet, 


M. Briers and Y. THomas (introduced by the CommirrEeE). (Laboratoire de Morphologie animale, 


Université de Bruxelles, Belgium) 


In continuation of previous work which showed 
that ribonuclease (RNase) and ribonucleic acid 
(RNA) were able to penetrate into living amoebae 
(Brachet, 1955, 1956a), the following observations 
have been made. 


(i) RNase penetrates quickly into amoebae: after 
a 5-10 min. treatment, the concentration of the 
enzyme in the cells increases 3-4 times. The uptake 
mechanism is independent of temperature; similar 
results were obtained whether the amoebae were 
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treated at 7° or at 25°. There is a decrease in the 
RNase content of the RNase-treated amoebae after 
30 min. These observations strongly suggest that 
the uptake of ribonuclease by amoebae is due 
to pinocytosis (Chapman-Andresen & Prescott, 
1956). 

(ii) The rapid uptake of RNase is confirmed by 
cytochemical observations which showed that 
basophilia decrease in the cytoplasm after a 2 min. 
treatment, and in the nucleus after a 4 min. 
treatment with the enzyme. Since there is no 
decrease in the RNA content (and possibly a slight 
RNA synthesis) in amoebae treated with RNase for 
2-10 min., it is likely that the enzyme, once it has 
penetrated into the amoebae, builds up a complex 
with its natural substrate, i.e. RNA (see Brachet, 
19560). 

(iii) RNA labelled with “C and **P was prepared 
from tobacco mosaic virus and yeast cells respec- 
tively. During a 3 hr. period, there was no appreci- 


15P 


able uptake of the former, which was probably 
highly polymerized ; however, the amoebae became 
radioactive after a 24 hr. treatment period. 

In the case of **P-labelled yeast RNA of lower 
molecular weight, an appreciable uptake could be 
detected 30 min. after the beginning of treatment, 
but afterwards there was no marked increase in 
radioactivity; when the amoebae were pre-treated 
with ribonuclease, the initial uptake of RNA was 
smaller, but higher values than in the controls were 
always obtained after a 24hr. treatment. These 
findings are in agreement with earlier biological 
observations (Brachet, 1955). 
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On Invertebrate Phenoloxidase. By R. VERCAUTEREN and E. DEenucé (introduced by the ComMITTEE). 
(Laboratorium voor physiologische Chemie, Veeartsenijschool, and Laboratorium voor Dierkunde, 


Universiteit te Gent, Belgium) 


Phenoloxidase is commonly found in Arthropoda 
(Mason, 1955). It is said to occur in other phyla as 
in Heterodera rostochiensis, a parasite nematode 
(Ellenby, 1946), in Mollusca (Califano & Kertesz, 
1938) and in amoebocytes of Echinodermata 
(Jacobson & Millot, 1953). The enzyme complex 
catalyses intermediate phases in cuticulation and 
pigmentation. The mechanism of its synthesis, 
activation, secretion and its substrate specificity are 
not very well known. 

As shown by one of us (cf. Denucé & Vercauteren, 
1957) haemolymph drawn from Galleria mellonella 
larvae contains a thermolabile factor as well as an 
unknown substrate responsible for the blackening 
of the liquid on contact with the air. Blackening is 
completely stopped by 0-02mM-K ethylxanthate and 
slowed down by 0-02m-ethyl carbamate, 0-01M- 
KCN and pH values lower than 5. Paper electro- 
phoresis of centrifuged haemolymph shows two 
phenolase bands. Purification of the enzyme in- 
volving precipitation with cold acetone and redis- 
solving has been attempted. 

Paper chromatography of acid ether extracts of 
total haemolymph has revealed the presence of an 
unidentified Ehrlich-positive substance which is 
neither histidine, tryptophan, kynurenine, kyn- 
urenic acid, tyrosine, dopa, dihydroxyphenyllactic, 
dihydroxyphenylacetic or protocatechuic acid. 


(Schmalfuss, 1927, 1933, 1937; Pryor, Russell & 
Todd, 1946, 1947; Hackmann, Pryor & Todd, 1948; 
Levenbook, 1950). 

Phenolase localization was studied by cyto- 
chemical methods. Smears of haemolymph have 
been examined for lipids, proteins, polysaccharides 
and basophilia. Living cells have been studied by 
phase-contrast microscopy. Polyphenoloxidase has 
been described by Dennell (1947) in the oenocytoids 
of Sarcophaga. We obtained a positive reaction 
within a special haemocyte type. The enzymic 
nature of the reaction and the exactness of the 
localization have been examined critically and 
applied to other species. In our opinion little doubt 
can be thrown on the occurrence of phenoloxidase in 
Galleria mellonella, Malacosoma neustria and in the 
hemocytes of the crab, as already shown by 
Bhagvat & Richter (1938). 
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A Ninhydrin-reacting Constituent of Human Milk not Found except for an Eventual Trace in 
Cow’s Milk. By E. J. Biewoop and C. Czaskowsxa. (Laboratoire de Chimie biologique, Faculté de 


Médecine, Université de Bruxelles, Belgium) 


Soupart, Moore & Bigwood (1954) reported the 
presence of a ninhydrin-reacting constituent in acid 
hydrolysates of skimmed human milk. Column 
chromatography on Dowex-50 according to Moore 
& Stein’s original procedure (1951) as applied in our 
laboratory by Schram, Dustin, Moore & Bigwood 
(1953), revealed its presence on chromatograms 
from 15 cm. columns used for separating the basic 
amino acids (peak B). Another undetermined peak 
was also recognized on those from 100 cm. columns; 
it overlapped the methionine peak and prevented 
a quantitative estimation of the latter (peak A). 
We have attempted to modify the usual elution 
process in order to resolve the two overlapping 
peaks. Peak B is always accompanied by a smaller 
‘satellite’ peak following it; it occupies the position 
of glucosamine; if it does correspond to this amino 
sugar, it should also show up on the 100cm. 
column chromatograms. We have examined the 
behaviour of known mixtures of proline, valine, 
methionine, isoleucine, leucine, tyrosine and glucos- 
amine, when the buffer and temperature shifts from 
pH 3-43 to 4-25 and from 37 to 50° are made at vary- 
ing times. Proper adjustment of this procedure was 
found to allow complete resolution in the sequence 
valine—glucosamine—methionine..., etc. This pro- 


cedure was applied to the analysis of human milk 
samples. Our previous data for amino acid content 
were confirmed; they allowed for a semi-quanti- 
tative estimation of methionine which proved to be 
of the same order as that of cow’s milk, at compar. 
able total protein contents. In the hydrolysate of 
these human milk samples, glucosamine was added 
and proved to produce an increase in size of both 
peaks A and B, their symmetrical shape being un- 
altered. Assuming that they both correspond to the 
same substance glucosamine, their quantitative 
determination proved to correspond to 65-5 mg/ 
100 ml. milk for peak A and to 69-4 mg./100 ml. for 
peak B. Other observations have shown us, how- 
ever, that in boiling 6N-HCl, a 22 hr. hydrolysis 
produces a partial breakdown of glucosamine. These 
figures must therefore be regarded as minimum ones 
for human milk glucosamine content. 
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Evidence for the Possible Mucopolysaccharide Nature of the Human Milk Constituent 
containing Glucosamine. By E. J. Biewoop, C. Czaskowska and A. Drize. (Laboratoire & 
Chimie biologique, Faculté de Médecine, Université de Bruxelles, Belgium) 


The composition of skimmed human milk dialysates 
is determined, 10 ml. of milk being dialysed against 
50 ml. of saline solution at 0° for 72 hr. The perme- 
ability of the cellophane membranes used was tested 
by dialysing 10 ml. of a 6% (w/v) lactose solution 
against 50 ml. water, equilibrium for this sugar 
being reached in less than 72 hr. The milk dialysates 
contain no ninhydrin-detectable free amino sugar 
although after hydrolysis, peak B (cf. previous 
abstract) appeared with its satellite on the 15 cm. 
column chromatogram. 


This is what is to be expected if the amino sugar 
exists in milk in the form of its acetyl derivative. 
Our data show that on 72 hr. dialysis, about 12 % of 
the glucosamine present in milk is found in the 
dialysate, whereas after 144hr., some 24% has 
dialysed. It may therefore be assumed that glucos- 
amine pre-exists in milk in the form of a slowly 
dialysable polymerized form of its acetyl derivative, 
an eventual mucopolysaccharide containing galac- 
tosamine as well. The hydrolysis of the dialysate 
yields only minute amounts of very few amino acids. 
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The milk hydrolysate fractions forming the 
glucosamine peak and its satellite desalted on Dowex- 
50 were chromatographed on paper in parallel with 
glucosamine, galactosamine and y-aminobutyric 
acid. Elson-Morgan as well as ninhydrin colour 
reactions were used. They confirm that the main 
peak is formed of glucosamine predominantly, the 
satellite peak being galactosamine, no y-amino- 
butyric acid being present. 

The positions we find on the chromatograms for 
glucosamine and galactosamine check with those 
described by Eastoe (1954) and by Dréze & Wodon 
(1954) in human chorionic gonadotrophin. Our 
findings are in accordance with those of Ruelius & 
Girard (1954) regarding the presence of galactos- 
amine in human milk and appear to bear relation to 
growth factors in human milk (Gyérgy et al. 1953, 
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1954). We do not find our amino sugar constituents 
in cow’s milk except for an eventual trace of them 
in about one-half of the samples analysed. Our 
observations have been preliminarily referred to in 
a discussion of Gyérgy’s (1954) report. 
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The Influence of Thyroxine and Tri-iodothyronine on Glucose Metabolism and Amino Acid 
Uptake of Cultures of Human Cells. By I. Lestm and R. Srnciatr. (Department of Biochemistry, 


The Queen’s University, Belfast, Northern Ireland) 


Human malignant cells HEP 1 and HEP 2 (Sloan- 
Kettering Institute for Cancer Research, New York) 
and a transformed strain from embryonic liver with 
similar metabolic characteristics (Leslie, Fulton & 
Sinclair, 1956) were grown in roller tubes for 72 hr. 
test periods in a medium consisting of 5% chick 
embryo extract and 20 % human serum in modified 
Connaught medium 858 (Healy, Fisher & Parker, 
1955). Determinations were made of changes in 
total free amino acids (by a ninhydrin method), 
NH,* ions (by the Conway technique) and in 
glucose, lactic acid and keto acids during growth, 
which, for each strain, amounted to a two to three- 
fold increase in cell number. The utilization of 
individual amino acids was followed by quantitative 
paper chromatography of the dinitrophenyl de- 
rivatives (Levy, 1954). 

With all three strains, the rates of free amino acid 
uptake (after allowing for changes in NH,*) was 
within the range of 24-31 moles «-amino groups/10° 
cells/hr. The utilization of free amino acid nitrogen 
was sufficient to account for the newly formed pro- 
tein and nucleic acids in the cultures. No change 
could be detected in the total protein content of the 
medium on the basis of nitrogen determinations on 
tungstate precipitates. 

Of the total glucose utilization, part is accounted 
for by the leakage of lactic and keto acids into the 


medium; the remainder, here called the glucose 
‘oxidized’, is fully utilizable by the cells and closely 
proportional to the average cell population (Leslie, 
Fulton & Sinclair, in the press). It is now found 
that the amount of glucose ‘oxidized’ is approxi- 
mately equal on a molar basis to the uptake of free 
amino acids for all three cell strains. 

With 10-4m-thyroxine and tri-iodothyronine in 
the medium, cell multiplication was occasionally 
decreased without any significant alteration in cell 
composition. The rates of glucose utilization, of 
lactic and keto acids in the medium and of glucose 
‘oxidized’ were all increased. Lastly, the molar 
ratio of amino acids utilized to glucose ‘oxidized’ 
was reduced from between 0-9 and 1-2 to between 
0-5 and 0-9, and with the one cell strain (HEP 2) so 
far tested with tri-iodothyronine, the reduction was 
significantly larger than with thyroxine. 


This work is supported by grants from the British Empire 
Cancer Campaign and the Medical Research Council. 
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The Effect of Heparin Injection on the Lipaemia Induced in the Rabbit by Excessive Bleeding, 
By D. 8. Rosinson and P. M. Harris. (School of Pathology, South Parks Road, Oxford) 


Hahn (1943) observed that the injection of heparin 
cleared the alimentary lipaemia normally present 
during fat absorption. This clearing reaction can be 
followed in vitro by adding particulate lipid to 
plasma from animals which have been previously 
injected with heparin (heparinized plasma). It is 
due to a lipolytic process in which the triglyceride of 
the particulate lipid is hydrolysed to unesterified 
fatty acid, which is held in solution by the plasma 
albumin (Robinson & French, 1953). 

It is known that the anaemic condition induced 
in certain experimental animals by their repeated 
bleeding is accompanied by a persistent lipaemia 
(Boggs & Morris, 1909; Horiuchi, 1920). In this 
communication we describe the effect of heparin 
injection on such a lipaemia produced in the rabbit. 

The injection of heparin induced a lipolytic 
system in the plasma of the test animals. Lipolytic 
activity, as judged by the rate of release of glycerol 
on incubation of the plasma in vitro, was comparable 
to that induced in control animals. Despite the 
active lipolysis which was occurring, clearing in vitro 
was slow, however, and the plasma samples ob- 
tained after heparin injection were lipaemic. This 
low rate of clearing was not due to saturation of the 
plasma albumin with unesterified fatty acids. There 
was no marked increase in the concentration of 


The Reaction of the Disulphide Bonds of Insulin with Sodium Sulphite. 


unesterified fatty acids in the plasma in viw 
following heparin injection. 

Further studies showed that particulate lipid 
recovered from the lipaemic plasma samples was 
also cleared at a low rate by heparinized plasma 
from the control rabbits, though again the rate of 
glycerol release indicated that lipolysis was occurring 
at a high rate. 

It is evident that the low rate of clearing of 
particulate lipid from the anaemic animals could 
have been misleading. The rate of clearing of any 
particulate lipid preparation during lipolysis pre- 
sumably depends on many factors besides its tri- 
glyceride content, e.g. particle size, and, therefore, 
reliance on clearing alone as a measure of lipolytic 
activity may lead to erroneous conclusions. 

It is concluded that the lipaemia present in 
haemorrhagic anaemia in the rabbit is not associated 
with an inability to respond to heparin by the 
production of clearing factor. 
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By R. Crcr and 


U. E. Loenine. (Department of Biochemistry, University of Oxford) 


Cecil & McPhee (1955) and McPhee (1956) studied 
the kinetics of the reaction of Na,SO,; with simple 
disulphides as a preliminary to the study of the 
disulphide bonds in proteins. The reaction may be 
represented as: 


RSSR +S0,?- = RS” + RSSO,- 
RS" +H* =RSH 


giving one thiol for each disulphide bond split. 
Insulin contains three disulphide bonds per 
molecule, two connecting the A and B chains, and 
the third forming a ring in the A chain (Ryle, 
Sanger, Smith & Kitai, 1955). The reaction of 
crystalline beef insulin with Na,SO, was studied 
from pH 2-8 to 9-0 and from 25° to 60°. The extent 
of reaction was determined by amperometric 
titration of the thiol formed with AgNO,, PhaHgOH 
(Benesch & Benesch, 1951, 1952) and also w-bromo- 
acetophenone. Because of the insolubility of the 


partially reacted insulin kinetic studies were im- 
practicable, and only the extent of reaction under 
various conditions was determined. The results may 
be summarized as follows: 

(i) At pH 2-8—5-5 the reaction is slow (2-4 hr.) 
and only one disulphide bond is split. 

(ii) At pH 6-2-7-2 the reaction is more rapid 
(10-30 min.) and two disulphide bonds are split. 

(iii) Between pH 7-2-9-0 the thiol groups formed 
in the reaction ionize and the reaction becomes 
reversible. The amount of reaction decreases from 
two groups split at pH 7-2 to 0-4 at pH 9-0. 

(iv) In the presence of urea (8M) or guanidinium 
chloride (3M) at pH 6-5-7-0 the third disulphide 
bond is attacked, a total of 2-8 being split. 

(v) If the insulin-sulphite reaction is carried out 
at pH 7-0-9-0 in the presence of a small excess of 
PhHgOH all three groups are split quantitatively. 
The excess of PhHgOH remaining is back titrated 
with cysteine. 
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These results differ from those obtained with 
the simple disulphides in two respects: (i) the 
fact that reaction takes place at pH 2-8 suggests 
that HSO, may be involved, whereas the 
simple disulphides reacted only with SO,?-, 
(ii) one disulphide bond reacts with sulphite 
only in the presence of other reagents. The simple 
disulphides all reacted to completion with sulphite 
alone. 
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Morphology of Pepsin Molecules in Solution and in Monolayers. By H. A. Drev* (introduced by 
the CommitTEE). (Laboratoire de Chimie physique, Université de Liége, Belgium) 


Pepsin molecules show a modification of their 
hydrodynamic properties when they are brought in 
solution from pH 2 to pH 9. Up to pH 5-5-5, the 
molecules are still enzymically active; they have a 
low intrinsic viscosity (n= 0-04), a high sedimenta- 
tion constant (S}:°=3-16x10-!) and a high 
diffusion constant (D#:°=11-:2x10-7). In the 
region of pH 7-9, they lose their activity com- 
pletely, the intrinsic viscosity is much higher 
(j7=0-1), the sedimentation constant and the diffu- 
sion constant are much lower (1:9x10-™ and 
7:2 x 10-7, respectively). In both cases the sedi- 
mentation is characteristic of a homogeneous 
substance. In the intermediate region of pH 5-5-7, 
there is a possible action of the remaining active 
molecules on the denatured molecules appearing. 
There is, in the sedimentation pattern, a dis- 
symmetry towards the low sedimentation constants. 
These facts aresupported by electrophoretic measure- 
ments: below pH 5-5 and above pH 7 there is only 
one peak; in the intermediate region, there are 
several peaks. 

* Associé du Fonds National Belge de la Recherche 
Scientifique. 


On the other hand, the behaviour of pepsin 
molecules varies with pH of the solution when they 
are spread on substrates made from HCl (pH 2) or 
(NH,).SO, (5%, w/v). At pH lower than 5-5, the 
film molecular weight (F.M.w.) agrees with the 
osmotic or centrifugation-diffusion molecular weight. 
In the range of pH 7-9, there is a progressive collapse 
of the spread molecules into the substrate and the 
F.M.W. is too high. However, as indicated by the 
measurement of the gaseous area, the desorption of 
the molecules is counterbalanced by the increase 
of the area of the swollen molecules: with HCl 
as substrate, the desorption is very important, 
the F.m.w. is high and the gaseous area is low; 
with ammonium sulphate, the desorption is less 
important, the F.M.w. is not too high but the 
gaseous area increases. 

Denaturation of spread films is very similar to 
denaturation by pH effect in solution: films of 
pepsin, formed at low pressure, no longer exhibit 
proteolytic activity; when they are collected, they 
have hydrodynamic constants very close to those 
found by denaturation in solution. 


The Association of Enzymes with the Protoplast Membrane of Bacillus megaterium. By R. L. 
Storck and J.T. WAcHSMAN (introduced by the CommirTEE). (Institut des Industries de Fermentation- 
Institut Meurice-Chimie (C.E.R.I.A.) and Laboratoire de Microbiologie, Faculté des Sciences, Université 


de Bruxelles, Belgium) 


Protoplasts obtained after lysozyme treatment of 
Bacillus megaterium, were subjected to osmotic 
lysis following the procedure described by Weibull 
(1953). 

By centrifugation, the lysate (T.L.) was separated 
into a yellow pellet (P,) containing the protoplasmic 
membranes and a supernatant (S,). Using Alex- 
ander & Wilson’s (1955) symbols, P, and S, repre- 
sent a 2492x10 and a 24S83x10 fraction re- 
spectively. P, accounts for 15% and S, for 85 % of 
the proteins of T.L. 


2:6-Dichlorophenolindophenol reduction indi- 
cates that the enzyme systems responsible for all the 
pyruvate, glucose, citrate and cis-aconitate oxida- 
tion and 50 % of the L-malate oxidation of the T.L. 
is associated with S,. High-speed centrifugation of 
S, demonstrates the existence of a non-sedimentable 
autoxidizable system capable of coupling with 
L-malate, citrate, fumarate and DiL-lactate dehydro- 
genation. All the oxidation activity of the T.L. with 
DL-lactate, succinate «-oxoglutarate and 50% with 
L-malate are localized in P,. 
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Repeated washing and purification of the mem- 
branes does not modify the original specific activity. 

These results agree with those of Weibull (1953), 
showing that the cytochrome system of Bacillus 
megaterium is associated with the protoplast 
membrane (‘ghost’). 

They also tend to indicate, as suggested by 
Stanier (1954), that the active particles obtained by 
many authors, after mechanical disruption of 
various bacteria, are not pre-existing as such 
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in the cytoplasm but are a built-in part of the 
cytoplasmic membrane. 
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Continuous Determination of “C and “S in Aqueous Solutions by a Plastic Scintillator. By 


E. Scuram* and R. LoMBaErt (introduced by E. J. Biawoop). (Laboratoire de Chimie biologique, 
Faculté de Médecine, Université de Bruxelles, Belgium) 


Biochemical tracer work involving '4C or *S§ is often 
rendered difficult if not impossible because of the 
high absorption factors encountered with such soft 
f-emitters. In aqueous solution their self-absorp- 
tion is practically complete and their activity can 
only be determined in one of the two following ways: 
mixing with, or suspension in, a liquid scintillator, 
or spreading the solution into a very thin layer. 

The first method is not always applicable; it is not 
suitable for continuous determination of radio- 
activity in chromatographic effluents. 

We have applied the second procedure, using a 
scintillator more suitable for quantitative work than 
Bangham’s (1956) Geiger counter assembly. 

The main part of our apparatus is a demountable 
plastic cell through which the liquid flows, forming 
a very thin layer 0-3 mm. thick and 4mm. wide. 
The surface-volume ratio of this layer, and hence its 
contact with the scintillating walls of the plastic 
container, is thereby made sufficiently large: 
28 cm.?/0-8 ml. The sensitive wall is made of NE 101 
scintillating plastic obtainable in thin sheets, 
0-010 in. thick. 

The auxiliary equipment consists of two photo- 


* Chercheur agréé de l'Institut interuniversitaire des 
Sciences Nucléaires. 


multipliers (EMI 6260B), a high-tension supply 
(IDL type 532), two wide band amplifiers (IDL 
type 652), a coincidence circuit, an integrator 
(AIRMEC) and a Siemen’s recorder. 

Our apparatus shows the following working 
characteristics: (i) no contamination : thanks to the 
absence of any diffusion inside the cell, even after 
the passage of very high activities the background 
returns instantaneously to its normal value; 
(ii) good reproducibility resulting from constant 
geometry and volume; (iii) low flow-resistance: 
20 ml./hr. under a water-pressure of about one 
inch; (iv) possibility of recording high counting 
rates; (v) efficiency higher than thin end-window 
counter in the absence of self-absorption ; (vi) back- 
ground about 2-5 counts/sec. without shielding. 

The above apparatus makes it possible to deter- 
mine in a fast, easy and non-destructive way the 
radioactivity of chromatographic effluents. By 
comparing the diagram with the results obtained by 
classical chemical analysis of the effluent it is 
possible not only to identify trace amounts of a 
radioactive substance but also to isolate it for 
further work. 


REFERENCE 
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Radiochromatographic Study of Substances Formed from [*S]Taurine in the Rat. By 


E. Scuram* and R. CRoKAERT (introduced by E. J. Biewoop). 


(Laboratoire de Chimie biologique, 


Faculté de Médecine, Université de Bruxelles, Belgium) 


The presence of bound taurine in relatively high 
concentration in urine and its possible metabolic 
significance has led us to study the fate of injected 
[*S]taurine in the rat. 

In an earlier communication (Schram & Crokaert, 


* Chercheur agréé de I’Institut interuniversitaire des 
Sciences Nucléaires. 


1957) we have already shown that a rather large 
proportion of the taurine sulphur is excreted as 
sulphate (free and conjugated). Intestinal bacteria 
are apparently responsible for this transformation. 
Another portion of the radioactivity excreted, 
about 20%, is found in organic substances, part of 
which liberate taurine upon hydrolysis. 
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In order to get more information on this organic 
fraction, urine has been submitted to a chromato- 
graphic fractionation involving the following 
successive steps: (i) passage through Dowex-50 
(H*): less than 1 % of the radioactivity remains on 
the column; (ii) passage through Dowex-2 (OH ). 

All the radioactivity is held back by the resin. 
Selective fractions were obtained by elution with 
acids of increasing strength and concentration. 
Gradients of acetic, formic and hydrochloric acids 
(0-1m to 2m) were used for that purpose with con- 
tinuous recording of the radioactivity of the 
effluent with a new automatic scintillator (Schram 
& Lombaert, 1957). Several radioactive peaks were 
obtained indicating the presence of various sub- 
stances formed from the injected [*S]taurine. One 
of these peaks has already been identified as carb- 
amyl-taurine. So far, no guanidotaurine was found. 

As a first approach, the effluent of the Dowex-2 
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column was collected as separate fractions corre- 
sponding to the acids used for elution. Chemical 
determination of taurine was performed on these 
fractions by chromatography on Dowex-50 and 
ninhydrin analysis, after concentration and hydro- 
lysis. 

Free taurine was found in the 0-1M-acetic acid 
fraction. Most of the bound taurine appears in the 
2m-formic and 0-1M-hydrochloric acid fractions. 

The majority of the radioactive peaks are 
located in the same fractions as those containing 
bound taurine. 
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The Effects of Heavy Metal Ions on Mammalian ®-Glucuronidase. By G. A. Levvy and 
C. A. Marsu. (Rowett Research Institute, Bucksburn, Aberdeenshire) 


Although preparations of f-glucuronidase from 
Escherichia coli (Doyle, Katzman & Doisy, 1955), 
Helix pomatia (Jarrige & Henry, 1952) and Patella 
vulgata (Levvy, Hay & Marsh, 1957) have been 
studied for inhibition by heavy metals, it has been 
thought that cations have no marked effects on the 
enzyme in mammalian tissues (cf. Wolstenholme, 
1952; see, however, Sarkar & Sumner, 1950). In the 
belief that some anomalies in the action of mam- 
malian f-glucuronidase might be due to traces of 
heavy metals, an investigation has been made of the 
effects of Cu2+, Ag+ and Hg*+ on partially purified 
liver preparations. Most of the experiments were 
done with mouse liver, but similar results were 
obtained with rat liver. Enzyme activities were 
usually measured with 0-63 mm-phenolphthalein 
glucuronide in 0-05 m-acetate-NaOH buffer, pH 5-2. 

Marked inhibition was seen with about 1 mm- 
Cu2+, 0-025mm-Agt and 0-015 mm-Hg?+. The 
effects of Ag* and Hg*+ varied directly with the 
purity of the preparation, but this was not true of 
Cu?+. In the case of Hg**+, the reversing agent in 
liver homogenates was shown to be dialyzable. Low 
metal concentrations caused slight activation of 
crude enzyme preparations. 

Inhibition by Cu?+ was strongly enhanced by 
cysteine, reversed by cystine and unaffected by 
versene. The action of Hg?+ was reversed by cysteine, 
cystine and versene. Inhibition by Ag* was reversed 
by cystine, unaffected by versene, and sometimes 
reversed by cysteine. Versene and cysteine alone 
sometimes caused slight inhibition of the enzyme, 
whilst cystine had no effect. Ascorbic acid and 


bisulphite are more powerful than cysteine in 
increasing inhibition by Cu**. 

Inhibition by Cu*+, in presence or absence of 
cysteine, was of a novel character, passing through 
a minimum with increasing substrate concentration. 
There was an increase in K,,, the dissociation con- 
stant of the active enzyme-substrate complex, and 
a decrease in K,, the dissociation constant of the 
inactive complex formed with excess substrate, 
whilst n, the number of substrate molecules in the 
inactive complex, remained unchanged at 2. 
Inhibition by Hg?+ appeared to be non-competitive, 
whilst Ag* tended to resemble Cu** in its action. 

With all the inhibitors, the familiar broad pH- 
optimum, with peaks at about pH 4-5 and pH 5, 
was replaced by a sharp optimum at pH 4-1. There 
was also the suggestion of a subsidiary peak at 
pH 3-4 in the presence of Ag* and Hg** (ef. Mills, 
Paul & Smith, 1953). 


Weare indebted to Mr A. McAllan for technical assistance. 
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Medical School, London, S.E. 1) 


Through the kindness of Professor J. Millot 
(Museum National d’Histoire Naturelle, Paris), fresh 
bile stated to be 15 ml. and half the contents of the 
gall bladder of a coelacanth (‘femelle presque adulte, 
en repos génital’: further described by Millot, 1955) 
was preserved in ethanol (3 vol.) and made available 
to the author. Removal of solvent left bile salts 
(1-7 g.) as a green, somewhat hygroscopic solid. 
This (80 mg.) after acid hydrolysis (0-25N-HCl, 
about 95°, 20 hr.) gave ‘neutrals’ (7-2 mg.), ‘acids’ 
(4:2 mg.) and, with BaCl,, BaSO, (15 mg.): decom- 
position apparently occurred. Alkaline hydrolysis 
by the usual method yielded, from 0-5 g. bile salts, 
‘neutrals’ (0-13 g.), ‘acids’ (0-04g.) and BaSO, 
(0-08 g.). The ‘neutrals’ gave, with ethyl acetate, 
impure crystals (30 mg., m.p. 168-176°), showing 
a blue-violet colour in the Hammarsten HC] test. 
Partial acetylation (Ac,O, pyridine) then gave a 
gum which showed at least three components on 
paper chromatograms. Separation on paper of the 
‘partial acetates’ (13 mg.) yielded upper and lower 

zones from which were eluted 4 and 7 mg. re- 

spectively. These materials were acetylated (HCIO, 

method) and eluted from Al,O,; with benzene: 
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One can distinguish two phases in the action of 
ribonuclease on ribonucleic acid; the first probably 
consists of a depolymerization with rupture of some 
of the phosphate diester bonds and the simultan- 
eous formation of the cyclic phosphates, and the 
second manifests itself simply in the transformation 
of these cyclic derivatives into nucleotides. 

Thus inhibitors of ribonuclease action might act 
simultaneously on both reactions or selectively on 
one of these reactions. The dilatometric method 
enables one to distinguish between these two re- 
actions as the one is characterized by dilatation and 
the other by contraction, and consequently one can 
determine the stage at which the inhibitor acts. 

As inhibitors we have studied heparin, which has 


Geneeskunde, Universiteit te Gent, Belgium) 


Certain inhibitors act specifically on the second 
reaction of ribonuclease (RNase), the transforma- 
tion of the cyclic derivatives into nucleotides (see 
preceding abstract). 

We have studied this inhibition of ribonuclease 
activity using the cyclic form of cytidylic acid as 
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Bile Salts of a Coelacanth, Latimeria chalumnae, Smith. By G. A. D. Hastewoop. (Guwy’s Hospital 


infrared spectroscopy by Dr I. D. P. Wootton 
showed that both components now had the same 
spectrum, which differed from that of triacetyl 
methyl! cholate or fully acetylated ranol or cyprinol, 
Mr D. A. Ryan, using the system 80% amyl 
acetate: n-heptane/70 % acetic acid: water (Sjévall, 
1955) and annular paper chromatography, detected 
at least four components in the crude bile salts, 
Separation of bile salts (20 mg.) on paper into three 
zones containing about 9, 3 and 2 mg. was achieved, 
These preliminary results suggest that coelacanth 
bile salts (i) are largely ‘primitive’, (ii) are very 
complex, and (iii) contain as major constituent(s) 
alcohol sulphate(s) probably not having the cholic 
acid or ranol-cyprinol type of hydroxylated nucleus. 

These findings support in a general way the 
biological conclusions reached so far in a com- 
parative study of bile salts, and emphasize the 
importance of future work directed to the purifica- 
tion and chemical identification of such substances. 
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Dilatometric Study of Ribonuclease Inhibition. By J. Srocxx and P. Tu1sssen (introduced by 
L. G. G. VANDENDRIESSCHE). (Laboratorium voor physiologische Chemie, Faculteit der Geneeskunde, 


already been investigated, certain synthetic pro- 
ducts characterized by an accumulation of anionic 
groups, such as sulphated pectins (mol.wt. 16 500- 
60 000) and polyphosphates (poly-pp’-dihydroxy- 
dibenzyl phosphate, dihydroxydiphenyl dimethyl 
metaphosphate) in varying concentrations, as well 
as hydrogen peroxide. 

By dilatometry at pH 4-6 it is apparent that it is 
the second reaction which is preferentially inhibited 
by the substances with polyanionic structure, which 
lead to accumulation of cyclic derivatives in the 
digestion mixture. 

The inhibitory process has also been followed by 
titrimetry (determination of the secondary phos- 
phoric acid groups by titration to pH 7:8). 


Inhibitors of the Enzymic Cleavage of Cyclic Cytidylic Acid. By W. Drierick and J. Stockx 
(introduced by L. G. G. VANDENDRIESSCHE). (Laboratorium voor physiologische Chemie, Faculteit der 


substrate. It is easy to follow the inhibition by 
dilatometry at pH 4-6; under these conditions the 
opening of the cyclic phosphate is accompanied by 
an appreciable contraction of the solution (approxi- 
mately —14 ml./mole). This technique, combined 
with the titration of the secondary phosphate groups 
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progressively liberated, permitted us to observe a 
similar type of inhibition to that noted in the 
second phase of the degradation of ribonucleic acid 
by RNase. 

The substances used in the study were heparin, 
sulphonated pectins, polyphloretin phosphate, 
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polyphloroglucinol phosphate, poly-pp’-dihydroxy- 
dibenzyl phosphate, dihydroxydiphenyl dimethy] 
metaphosphate, as well as the purine polynucleo- 
tides remaining after complete degradation of 
ribonucleic acid by RNase (the ‘core’). 


A Soluble Phospholipase D in Plant Tissues. By FLora M. Davipson and C. Lone.* (Department 


of Biological Chemistry, University of Aberdeen) 


Phospholipase D, a plant enzyme which removes 
choline from the naturally occurring lecithins, has 
been stated to be present exclusively in the plastids 
and to be activated by ether (Kates, 1954). In a 
previous paper, we reported the occurrence of this 
enzyme in cell sap as well as in plastids (Davidson, 
Long & Penny, 1956). The soluble enzyme, which was 
present in the supernatant after centrifuging a 10% 
homogenate, was also activated by ether and by Ca** 
ions; it was found to hydrolyse both ovolecithin and 
phosphatidylethanolamine (Davidson et al. 1956). 

A survey of several plant species has now indi- 
cated that the highest phospholipase D activities are 
present in the leaves of Savoy cabbage and in 
Brussels sprouts. With Savoy cabbage, the activities 
of the soluble enzyme were in the descending order : 
yellow ‘heart’, inner light-green leaves, outer dark- 
green leaves. The soluble enzyme from Savoy 
cabbage has been purified 45-fold on the basis of 
protein N, with a recovery of 50% of the total 
activity, by means of the sequence: heat-precipita- 
tion of inactive protein, acetone precipitation, 
adsorption on Ca,(PO,), gel and elution with 0-1M- 
phosphate buffer, pH 7-5. A similar preparation 
was obtained from Brussels sprouts. 

* Present address: Physiology Department, Royal 
College of Surgeons, London, W.C. 2. 


The activity of the purest preparations was rather 
unstable, and for routine purposes the enzyme 
obtained after acetone precipitation has been used. 
This partially purified enzyme preparation had 
practically no action upon glycerylphosphoryl- 
choline (GPC), in contrast with the crude super- 
natant; although it still acted upon diphenyl 
phosphate, this phosphodiesterase activity could be 
separated from the phospholipase D activity by 
selective adsorption on Ca,(PO,), gel. Water-soluble 
phosphodiesters (diphenyl phosphate, di-p-nitro- 
pheny] phosphate, GPC), even when not themselves 
attacked, increased the rate of enzymic hydrolysis of 
ovolecithin and egg phosphatidylethanolamine (up 
to 250% of the control value). It has not been 
possible to suggest any explanation for this obser- 
vation. 

This work was supported by a grant from the Agricultural 
Research Council. 
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Incorporation of Acetate—Carbon into Sucrose in Castor Bean Tissues. By H. BEEvers* (intro- 
duced by V.S. Butt). (Department of Biological Sciences, Purdue University, Lafayette, Indiana,U.S.A.) 


The utilization of [1-"C]acetate and [2-!C]acetate 
by intact cotyledons and endosperm slices from 
4- to 5-day castor bean seedlings has been examined. 
A large proportion (70-80 %) of the *C which was 
supplied (10 .mM-acetate to 1-2 g. tissue) appears in 
a few hours either in the respired CO, or in sucrose. 
(Acetate—carbon is also found in acids of the Krebs 
cycle; specific activities have not been determined, 
but the incorporation into malic and succinic 
acids is the most striking feature of the autoradio- 
grams.) 

The most interesting results are those from endo- 

* Temporary Address: Department of Agriculture, 
Parks Road, Oxford. 


sperm tissue, in which roughly 50% of the C-1 of 
acetate is released as CO, and 30% is found in the 
sucrose, and in which only 10% of the C-2 of 
acetate appears as CO, and about 70% is found in 
the sucrose. Preliminary results from the degrada- 
tions of the glucose moiety of the sucrose have 
indicated that considerable spreading has occurred 
during the experimental periods employed, but 
more than 60% of the radioactivity in the 
glucose from [1-™C]acetate is confined to carbons 3 
and 4. 

In contrast, these carbons contain less than 20 % 
of the radioactivity in, the glucose when [2-14C}- 
acetate is the substrate. 
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The extensive incorporation of acetate, and also 
of glycerol (Beevers, 1956) into sucrose in these 
tissues, make them particularly interesting for 
studies on the mechanism of conversion of fat to 
carbohydrate. Studies on cell-free extracts, carried 
out in collaboration with Dr H. L. Kornberg, 
suggest a possible route for this conversion. Such 
extracts catalyse the fission of isocitrate to gly- 
oxylate and succinate, the activation of acetate 
to form acetyl coenzyme A, and the formation of 
malate from acetyl coenzyme A and glyoxylate. 
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These are the reactions of the ‘glyoxylate bypass’ 
(Kornberg & Madsen, 1957) and, in conjunction with 
the reactions of the tricarboxylic acid cycle lead- 
ing to the synthesis of isocitrate, they suggest that 
the net formation of carbohydrate from fat occurs 
via the steps fat > acetyl coenzyme A > malate > 
carbohydrate. 
REFERENCES 
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Carbohydrate Metabolism in Sarcina lutea. By W. H. Howms and E. A. Dawes. (Department of 


Biochemistry, University of Glasgow) 


Sarcina lutea oxidizes a number of hexoses, pen- 
toses, gluconate and 2-oxogluconate. It is without 
action on phosphorylated derivatives, even after 
lyophilization, a procedure which increases the 
rate of oxidation of some substrates. If the high 
endogenous respiration of suspensions in water is 
reduced by aeration for 4 hr. (Holms & Dawes, 1955) 
with frequent changes of suspending fluid, the rate 
of glucose oxidation is seriously impaired but can be 
restored by the addition of inorganic phosphate. 
Furthermore, small amounts of glucose-6-phosphate 
appear in the medium during the metabolism of 
glucose. 

Cell-free extracts prepared by the method of 
Lamanna & Mallette (1954) have been found to 
contain enzymes of both the glycolytic and hexose- 
monophosphate oxidative pathways. The presence 
of these enzymes, including hexokinase, indicates 
that the organism is capable of metabolizing phos- 
phorylated intermediates, and it is concluded that 
the lack of oxidation of these substrates by intact 
cells resides in permeability or transport factors. 

Glucose is not dissimilated anaerobically. The 
enzymes of glycolysis found in extracts have been 
shown to be quantitatively important by isotopic 


experiments on glucose utilization under aerobic 
conditions (Dawes & Holms, 1957). 

Intact and lyophilized cells oxidize pyruvate, 
acetate, citrate, 2-oxoglutarate, succinate, fu- 
marate, malate and oxaloacetate. There was a 
small oxygen uptake with iso-citrate and none with 
cis-aconitate; oxalosuccinate was unavailable for 
testing. Extracts of the organism contain powerful 
aconitase and iso-citric dehydrogenase activity, 
and 2-oxoglutarate is the product of their action on 
iso-citrate. 

On the basis of these observations the occurrence 
of the tricarboxylic acid cycle in Sarcina lutea is 
substantiated. The importance of this mechanism in 
the oxidation of glucose is demonstrated by the 
inhibitory action of malonate and fluoroacetate. 


We are greatly indebted to the Medical Research Council 
for a grant-in-aid. 
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Evaluation of the Routes of Glucose Utilization in Sarcina lutea. By E. A. Dawes and 
W. H. Hotms. (Department of Biochemistry, University of Glasgow) 


Sarcina lutea possesses enzymes of the Embden— 
Meyerhof—Parnas glycolytic sequence (EMP) and 
of the hexosemonophosphate oxidative pathway 
(HMP) (Holms & Dawes, 1955, 1957). Intact cells 
oxidize glucose rapidly and the only detectable 
products are glucose 6-phosphate (G 6-P), which is 
found in the medium in very small amount, and 
carbon dioxide. In the presence of 5-6 mM-arsenite, 


pyruvic acid can be isolated during glucose oxida- 
tion and this experimental system has been used to 
evaluate the routes of glucose catabolism by an 
isotopic technique. 

The use of an inhibitor is often suspect in so far 
that normal metabolism may be deranged. This is 
considered unlikely in the present instance because 
arsenite exerts its effect at a point common to all 
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known routes of glucose utilization. Additionally, 
the relative rates of 4CO, evolution from [1-14C] and 
[U-14C]glucose and of formation of G 6-P are little 
affected by this concentration of arsenite, which is 
insufficient to block completely pyruvate utiliza- 
tion. Because of these considerations, the system 
used approximates more closely to an uninhibited 
one. 

The specific radioactivity of pyruvic acid isolated 
from a system metabolizing [1-C]glucose was 
determined by two methods. On the assumption 
that one molecule of [1-4C]glucose yields two 
molecules of pyruvate, only one of which is labelled, 
by either the EMP or Entner—Doudoroff (1952) 
2-oxo-3-deoxy-6-phosphogluconate system (EDS), 
whereas the HMP yields but one (unlabelled) 
pyruvate molecule per glucose molecule, the 
maximum participation of the HMP has been 
calculated. 

The data obtained indicate that HMP degrades 
about one-half of the glucose oxidized. Determina- 


tion of the labelling present in the carboxyl group 
of the pyruvate formed permits an estimate of the 
extent to which the EDS operates. The small 
amount of radioactivity found in this group might 
be interpreted as a minor participation of the EDS 
but it is considered more likely that it represents 
randomization of the *C by HMP and EMP or by 
M4CO, fixation via the Wood—Werkman scheme. 
Thus the EMP and HMP routes appear to be 
equally important in Sarcina lutea and to account 
for all the glucose metabolized. 


We are greatly indebted to the Medical Research Council 
for a grant-in-aid, 
REFERENCES 
Entner, N. & Doudoroff, M. (1952). J. biol. Chem. 196, 853. 


Holms, W. H. & Dawes, E. A. (1955). Résumés des C 
cations, 3iéme Congrés International de Biochimie, 
Bruzelles, p. 90. 


Holms, W. H. & Dawes, E. A. (1957). Previous abstract. 


Action of Ribonuclease on Rat Bone Marrow and Mouse Ascites Tumour Cells. By L. LEpoux* 


and A. PrmErt (introduced by the CoMMITTEE). 


Brucelles, Belgium) 


Determinations of enzymic activity made on sus- 
pensions of Ehrlich ascites cells treated in vitro with 
ribonuclease (RNase) has shown that RNase 
penetrates rapidly into these cells. 

At a certain concentration of RNase in the 
ascitic plasma, new phenomena (pinocytosis) occur 
and the enzyme is rapidly ‘absorbed’ by the cells. 
These phenomena appear to be temperature- 
dependent. 


The amount of enzyme absorbed by the cells in , p 


20 min. can be up to 20 times the amount of RNase 
normally found in these cells. On the other hand, 
RNase seems to enter the bone marrow cells of 
young rats. The amount of enzyme taken up by the 
cells equals that found in the cells. It is slightly 
dependent on the enzyme concentration in the 
ascitic plasma and independent of the temperature. 
Ascites tumour cells, treated in vivo or in vitro 
with RNase show an increased incorporation of , 
pyrimidines into the cytoplasmic ribonucleic acid 
(Ledoux & Vanderhaeghe, 1957). The incorporation 
of purines, under the same conditions, is unaffected. 
Sometimes, it is possible to observe an increased 
amount of the intracellular RNA (Ledoux, 1956). 
This RNA appears to be enriched in pyrimidines. 
The synthesis of that abnormal RNA apparently 


* Chargé de Recherches du Fonds National de la Re- 
cherche Scientifique Belge. 


(Laboratoire de Morphologie animale, Université de 


occurs until the amount of RNase having entered 
the cells is less than 10 times its normal content. At 
higher concentrations of RNase, RNA degradation 
occurs, while at the same time there is a still higher 
rate of pyrimidine incorporation than is observed on 
control suspensions. In the case of bone marrow 
cells, treated with RNase in vitro, there is no 
significant modification of the RNA content of the 
cells; the relative incorporation of purines or 
yrimidines into RNA is not altered. The RNase 
taken up by bone marrow cells does not, seemingly, 
modify the cellular RNA metabolism. 

The RNase, which enters the ascitic tumour cells 
seems to modify to a considerable extent the RNA 
metabolism of these cells, eventually causing 
breakdown of the cellular structures (Easty, 
Ledoux & Ambrose, 1956). 

The action of RNase on mammalian cells seems 
thus to be very selective and limited to certain 
cellular types only, in relation perhaps to their 
normal RNase content. 
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z-Methylthiazoline hydrolyses in dilute acid solution 
with liberation of a sulphydryl group (Linderstrom- 
Lang & Jacobsen, 1940). In 12mM-HCl glutathione 
(GSH) yields an extinction band at 268 my, similar 
to that of a thiazolinium ion (Calvin, 1954). His 
assumption of a ring formation in 0-01M-HCl 
seemed quite unlikely, owing to the instability of a 
thiazoline ring in this medium. 

The hydrolysis of 2-methylthiazoline in a lactate 
buffer (0-1M, pH 3-20) is slowed down by the addi- 
tion of NaCl (five times in 4m: as measured by the 
decrease of the extinction at 260 my). In concen- 
trated strong acids the hydrolysis is prevented (e.g. 
in 6 and 12Mm-HCl, in 7 and 9m-H,SO, : as shown by 
the constancy of the extinction at 260 my). 

In the case of GSH, for HCl and H,SO,, the 
extinction band develops appreciably only for acid 
concentrations higher than 2M. The velocity of ring 
formation increases with acid concentration (from 2 

to 13M-H,SO,) and with temperature (observations 

from 2° to 40°). The extinction, reached at 265 my, 

increases with acid concentration and remains con- 

stant only for the higher concentrations (e.g. for 9, 


Induced by Several Factors. 


When certain strains of Euglena gracilis are culti- 
vated for a long time in the presence of strepto- 
mycin, they lose their chloroplasts irreversibly 
(Provasoli, Hutner & Schatz, 1948). An investiga- 
tion of this phenomenon has been made. 

Euglenae were treated with streptomycin during 
short periods (1/20 of a generation time), washed, 
and cultivated in normal liquid medium. Under 
these conditions, all chloroplastic growth ceases for 
a number of generations increasing with strepto- 
mycin concentration, and then recovers at an 
increased rate. As a consequence of this transitory 
inhibition, the chloroplasts, whose number no 
longer increases, are distributed between more and 
more cells, so that there soon appear HLuglenae 
without chloroplasts, whereas others have received 
only one. Once per generation, an aliquot of this 
liquid culture is plated on solid medium. After 
14 days, some colonies are white and others green. 
The percentage of white colonies increases from the 
first to the last plating, following a curve in good 
agreement with the hypothesis that only those cells 
which have retained a chloroplast may give rise to 
a normal green clone. 

Thus, the hereditary consequences of the action of 
streptomycin would appear not to be due to the 
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Behaviour of Glutathione and 2-Methylthiazoline in Strong Acid Media. By Gistie Priéavx and 
R. Lont1E (introduced by the CommirreE). (Laboratoire de Biochimie, Université de Louvain, Belgium) 


10 and 13mM-H,SO,). For lower acid concentrations, 
the extinction at 265m passes through a maximum 
in function of time, the more rapidly the lower the 
acid concentration or the higher the temperature, 
A chromatographic study indicates the liberation 
of glycine, even at the higher acid concentrations, 
After ring closure, on lowering the H,SO, concentra- 
tion (e.g. from 9 to 4M), the extinction band 
diminishes, whereby a product is formed that 
no longer shows an extinction band in 9M-H,SQ,. 
At the lower acid concentrations, together with a 
partial and transitory ring formation, a first-order 
hydrolysis of GSH has been observed by measuring 
at- intervals the maximum extinction that still 
could be reached in 9mM-H,SO,. 
The first step for the ring formation could be the 
fixation of a proton at the peptide linkage. 
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Selective Modification of the Differential Growth Rate of the Chloroplasts in Euglena as 
By M. Dre DEKEN-GRENSON (introduced by the Commrrresr). 
(Laboratoire de Physiologie animale, Université de Bruxelles, Belgium) 


mutation of a nuclear gene, but to a decrease of 
growth rate selectively directed against the chloro- 
plasts which, when lost, cannot be formed de novo. 

In the course of this study, it appeared that it is 
possible to influence the rate of multiplication of the 
chloroplasts in Euglena in a selective manner by 
means of other factors. 

The lack of ammonium or of iron is able to lower 
the concentration of chloroplastic material in the 
cell, but the differential action is not sufficient to 
induce complete loss of the chloroplasts. However, 
these depletions can facilitate the hereditary action 
of a given dose of streptomycin. 

On the contrary, yeast ribonucleic acid and amino 
acids selectively promote chloroplastic growth in 
conditions where cellular growth is unaffected. 

We present the working hypothesis that optimal 
growth conditions for the chloroplasts are very 
different (qualitatively or quantitatively) from those 
for the other cell constituants, that, in suboptimal 
conditions, the chloroplasts are poor competitors, 
and that this is the cause of their easily being lost. 
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The Action of Phenanthridines on Nucleic Acid and Protein Synthesis in a Parasitic Flagellate. 
By B. A. Newton. (Medical Research Council Unit for Chemical Microbiology, Biochemical Laboratory, 


University of Cambridge) 


Certain phenanthridinium compounds possess try- 
panocidal properties (Browning, Morgan, Robb & 
Walls, 1938) and have been used with success 
against bovine trypanosomiasis. Histochemical 
studies led Ormerod (1951) to suggest that these 
compounds act by splitting cytoplasmic ribo- 
nucleoprotein into its constituent nucleic acid and 
protein. The present communication describes the 
action of 2:7-diamino-10-ethyl-9-phenylphenanthri- 
dinium bromide (ethidium bromide) on the syn- 
thesis of nucleic acid and protein in Strigomonas 
oncopelti, a trypanosomid flagellate. 

It has been found that ethidium bromide is only 
active against growing organisms. Addition of the 
drug to cultures of organisms in the logarithmic 
phase of growth did not result in an immediate 
inhibition of growth but in a progressive reduction in 
growth rate; there was always at least a doubling in 
cell numbers before growth was finally inhibited. 
During the period of growth in the presence of 
drug the deoxyribonucleic acid (DNA) content of 
cells fell to half its normal value whilst the ribo- 
nucleic acid (RNA) content remained approxi- 
mately constant. 

Conditions have been determined which permit 


the synthesis of nucleic acids and protein by 
washed cell suspensions of S. oncopelti; glucose, 
purines, pyrimidines and a mixture of amino acids 
were found to be essential, little or no nucleic acid 
synthesis occurring in the absence of amino acids or 
glucose. These results are similar to those obtained 
by Gale & Folkes (1953) for Staphylococcus aureus. 
Preliminary experiments with this system have 
shown that ethidium bromide rapidly inhibits DNA 
synthesis whilst RNA and protein synthesis con- 
tinued for a period of about three hours after the 
addition of the drug. 

A study has been made of the uptake of MC- 
labelled ethidium bromide (the gift of Boots Pure 
Drug Co. Ltd., Nottingham) by organisms under 
anumber of conditions; it was found that the uptake 
was dependent on, and follows the course of RNA 
synthesis. 
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Identification of an Ehrlich-Reacting Substance in Human Urine. By G. Curzon. (Clinical 
Pathology Laboratory and Department of Biochemical Research, Institute of Neurology, London, W.C. 1) 


During a paper chromatographic study of urinary 
indolic substances, occasional urines were found to 
contain a substance, giving an intense magenta 
spot with p-dimethylaminobenzaldehyde/HCl on 
heating at 55° for 12-15 min., anda yellow spot with 
diazotized sulphanilic acid. The substance ran 
somewhat slower than indican in both zsopropanol/ 
ammonia and n-butanol/acetic acid. Out of 265 
urines tested, 54 showed a trace, five a definite spot 
and two a very strong spot. These latter two 
subjects have been consistently excreting large 
amounts of the substance during 7 months. 
Members of the family of one of the subjects 
excreted significant amounts. There was no relation- 
ship between excretion and drug intake. Other 
subjects on the same diets did not excrete the 
substance. 

Preliminary investigation suggested the unknown 
to be a sulphate conjugate. It was isolated from 
urine by adsorption on active charcoal at acid pH, 
elution by ammonia, vacuum concentration, pre- 
cipitation of impurities by alcohol and acetic acid 


and crystallization as a 5-amino-acridine derivative 
(Dodgson, Rose & Spencer, 1955). This was freed 
from 5-amino-acridine and converted to the Na salt 
by shaking with Zeo-Carb 225 (Na*), filtered and 
evaporated to dryness in vacuo (Found: C, 31-6; 
H, 3-2; S, 14:2; Na, 9:1%: Empirical formula, 
C,H,O,SNa). Mild acid treatment hydrolysed it to 
free sulphate and a substance behaving chromato- 
graphically like resorcinol in four solvent systems. 
This identity was confirmed by colour reactions and 
ultraviolet spectroscopy. After taking 300 mg. 
resorcinol by mouth a normal human subject 
excreted material chromatographically and electro- 
phoretically identical with the unknown urinary 
component. Thus the latter is identified as re- 
sorcinol sulphate ester. (Theoretical composition of 
sodium resorcinol sulphate monohydrate: C, 31-3; 
H, 3-1; 8, 13-9; Na, 10-0%.) Comparison of urine 
chromatograms with known amounts of resorcinol 
sulphate shows that the two subjects investigated 
excrete approx. 200-800 mg. resorcinol sulphate/g. 
creatinine. 
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Excretion of m-dihydroxy derivatives in quantity 
appears remarkable, though «-resorcylic acid has 
been detected in urine concentrates (Armstrong, 
Shaw & Wall, 1956). These findings may be clinically 
significant as resorcinol has antithyroid activity 
(Doniach & Fraser, 1950) and hypothyroidism due 
to the use of resorcinol ointment has been observed 
(Bull & Fraser, 1950). 


alloTetrahydrocortisol in Human Urine. 
Mary’s Hospital, London, W. 2) 


The  adllotetrahydrocortisol (I; 5a-pregnan- 
3a:118:17«:21-tetrol-20-one ; Reichstein’s Substance 
C) has been identified in extracts of adrenal glands, 
and in the effluent from isolated perfused rat livers 
(Reichstein & Shoppee, 1943; Caspi, Levy & 
Hechter, 1953). It has not previously been reported 
in human urine to our knowledge. A reducing 
substance with an R, value slightly greater than 
that of tetrahydrocortisol (II) was noticed on 
chromatograms of several hundred urine extracts. 
We have now identified this as I. 

Identification was achieved by preparing the 
following derivatives in 5-30 yg. quantities using 
unequivocal reactions in parallel with known 
reference steroids: diacetate of I, diacetate and 
3-monoacetate of allotetrahydrocortisone, 5a- 
androstan-3«:118-diol-17-one and its 3-acetate, 5a- 
androstan-3a-ol-11:17-dione, and 5a-androstan- 
3:11:17-trione. In each case the derivative had 
chromatographic properties and colour reactions 
indistinguishable from those of the known steroids 
and from those of the derivatives of I prepared 
simultaneously. The spectra in concentrated sul- 
phuric acid of I, II and the urinary substance 
were identical. 

Two cases of Addison’s disease and an adrenal- 
ectomized subject did not excrete I or IT until 
treated with cortisone. By an extension of previous 
methods (Bush, 1952; 1954; De Courcy, Bush, Gray 
& Lunnon, 1953) using a scanning method for 
quantitative estimation (Richardson, Touchstone 
& Dohan, 1955) the excretion rate of I was 
measured. The mean rate in fourteen normal 
subjects was 0-8 mg./24 hr. compared with 
2-0 mg./24 hr. of II and 3-4 mg./24hr. of tetra- 
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By I. E. Busu* and M. WiztoucuBy. (Medical Unit, St 


hydrocortisone (corrected figures). Similar pro- 
portions were found in thirty-one urine samples 
from patients treated with ACTH or cortisone. It is 
reasonable to infer that I is a normal metabolite 
of cortisol in man. 

Failure to detect this steroid in urine earlier was 
probably due to incomplete chromatographic 
separation and the similar spectra of I and II in 
sulphuric acid (De Courcy et al. 1953; Richardson 
et al. 1955; Romanoff, Wolf, Constandse & Pincus, 
1953; Burstein, Savard & Dorfman, 1953). Satis- 
factory separation of I and II has been ob- 
tained by running on Whatman no. 2 paper for 
15-18 hr. (room temperature) with benzene: meth- 
anol: water (10:5:5 by volume). Urine was treated 
with succus entericus from Helix pomatia (Henry & 
Thevenet, 1952) and extracted with ether:ethyl 
acetate. 


We are indebted to Professor T. Reichstein for samples of 
I, 11-dehydro-I and their diacetates. 
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Purification of a Streptomyces Chitinase. 


By C. JEuntaux* (introduced by M. Ftorx1y). 


(Laboratoires de Biochimie, Université de Liege, Belgium) 


Different chitinolytic streptomycetes, grown on 
culture media containing the salts of the Czapek 
solution with pure chitin as sole source of carbon and 
nitrogen, produce an exo-chitinase. We succeeded 
in preparing very active chitinolytic filtrates, 
using a Streptomyces sp., isolated from soil (strain 
Al) (Jeuniaux, 1955). We purified the chitinase of 
this filtrate by acidification, ‘mass’ adsorption on 
powdered chitin, followed by washing and enzymic 
hydrolysis of the chitin, and two consecutive 
fractionations by ammonium sulphate at 0° and 
pH 5-2 (Jeuniaux, 1956). 

The chitinolytic activity has been concentrated 
70 times by this procedure, with a yield of 27 %. The 
proteolytic and cellulolytic activities, as well as the 
pigments and the reducing sugars of the crude 
filtrate are completely removed. 

The total proteins and the chitinase of the final 
solution have the same solubility properties in 
ethanol solutions, and in concentrated ammonium 


sulphate solutions. Ultracentrifugation (59780 rev. 
min.) indicates that the final solution is homo- 
geneous; the molecular weight of the chitinase is 
about 30000. 

By electrophoresis in agar-agar plates (Gordon, 
Keil, Sebesta, Knessl & Sorm, 1950; Uriel & 
Grabar, 1956), the proteins of the final solution 
migrate to the cathode at pH 8-2, as three com- 
ponents. A quantitative analysis of the different 
fractions suggests the presence of three chitinases, 
having the same specific activity per mg. of protein. 
When recombined, these different chitinases show 
a synergistic effect on chitin hydrolysis. There is 
some evidence that the concentration of non- 
chitinolytic proteins in the final solution does not 
exceed 5%. 
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Isolation and Properties of a Low Molecular Weight Protein of Carp Myogen. By G. Hamorr* 
(introduced by the CommirTEE). (Laboratoire de Biologie générale, Université de Liége, Belgium) 


Henrotte (1955) has crystallized a carp muscle 
albumin sedimenting as a single peak of a corrected 
rate of about 1-5S but giving two electrophoretic 
gradients at pH 7-3 and Z 0-15 (0-1 phosphate and 
0:05 sodium chloride); its ultraviolet spectrum at 
neutral pH revealed a quite unusual amino acid 
composition: the absorption at 280 mp was very 
low while the three peaks of phenylalanine at 253, 
259 and 264 my were very pronounced. 

We have found that the above-mentioned electro- 
phoretic heterogeneity is due to the occurrence of an 
impurity migrating more slowly than the main 
gradient at pH 7:3. Recrystallization can reduce 
the amount of this impurity to a few per cent but 
cannot remove it entirely. These electrophoretically 
fairly pure preparations however allowed localiza- 
tion of the gradient corresponding to the crystalline 
albumin in the electrophoretic pattern of carp 
myogen, and following of the purification of this 
protein by electrophoresis. An improved method 
of preparation could be devised. Carp myogen is 
fractionated in the cold at neutral pH with am- 
monium sulphate. The precipitate separating 
between 76 and 100 % saturation is dialysed against 
water and the solution freeze-dried. The powder is 
refractionated with neutral ammonium sulphate 

* Associé du Fonds National Belge de la Recherche 
Scientifique. 
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between 82 and 100% saturation. The precipitate 
redissolved in a small volume of water is brought to 
saturation at neutral pH with solid ammonium 
sulphate. The crystals appearing within a few hours 
are separated by filtration. The slower migrating 
impurity is removed by zone electrophoresis on a 
starch column in presence of acetate buffer of 
I 0-05 and pH 4-6. 

The mobility/pH curves of this protein and of the 
accompanying impurity have been determined by 
the moving boundary method; their isoelectric 
points in acetate buffer of I 0-075 (0-05m-sodium 
acetate and 0-025m-NaCl) are respectively 4-25 
and 4:5. The ultraviolet spectrum of the pure 
protein is strikingly similar to that of phenylalanine 
apart from the usual small shift toward the red 
shown by proteins. The small absorption previously 
observed at 280 mp has disappeared. The only 
aromatic amino acid present is therefore phenyl- 
alanine; its amount determined by spectroscopy 
using Fromageot & Schnek’s (1950) data reaches 
15-5%. A somewhat lower figure of 14 % has been 
obtained chemically by Dr Kominz (private com- 
munication). 

REFERENCES 
Fromageot, C. & Schnek, G, (1950). Biochim. biophys. Acta, 

6, 113. 

Henrotte, J. G. (1955). Nature, Lond., 176, 1221. 


St | 
| 
sles 
tis 
vas | 
hic 
in 
son 
: 
for 
& 
hyl 
sof 
em. 
53). 3 
34, 
D5). 
, G. 


- 


30P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


Presence of Sorbitol in Seminal Vesicles and in Foetal Blood of the Sheep. By H. G. Hers* 
(introduced by C. DE DuvE). (Laboratoire de Chimie physiologique, Université de Louvain, Belgium) 


A non-ionic, non-reducing, non-fermentable polyol 
tentatively identified as sorbitol by paper chromato- 
graphy, has been detected in extracts from seminal 
vesicles and in foetal blood of the sheep. Its con- 
centration, as estimated by the method of Faulkner 
(1956) represents between 40 and 80% of that of 
fructose in both tissues. 

The presence of sorbitol in seminal vesicles 
supports the previously described mechanism of 
fructose formation, which involves a TPNH- 
dependent reduction of glucose to sorbitol by aldose 
reductase and a subsequent DPN*-linked oxidation 
of the hexitol by ketose reductase (Hers, 1956). 
It can be shown on kinetic grounds that such 
a system would require an appreciable concen- 
tration of the intermediate when functioning with 
the levels of oxidized and reduced coenzymes 
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found by Glock & McLean (1955) in most animal 
tissues. 

An analogous explanation may account for the 
occurrence of sorbitol in sheep foetal blood, since it 
has been found that dialysed extracts of ewe 
placenta are able to convert glucose to sorbitol when 
supplied with glucose 6-phosphate and TPN, but 
contain only small amounts of ketose reductase, 
The latter enzyme is present in foetal liver, which 
readily converts sorbitol to fructose but lacks 
fructokinase. Thus foetal fructose could be formed 
by the same mechanism as seminal fructose, the 
first.enzymic step taking place in the placenta and 
the second in the liver of the foetus. 
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Formation of 8-Hydroxy Amino Acids from Penicillin Methyl Ester Sulphone and N-Acyl- 
thiazolidine Sulphones. By D. K. Douvaatt, G. G. F. Newton and E. P. ABRAHAM. (Sir William 


Dunn School of Pathology, Oaford) 


During investigations on the structure of cephalo- 
sporin C (Newton & Abraham, 1956; Abraham & 
Newton, 1956a, 6), the behaviour of N-acylthi- 
azolidine sulphoxides and sulphones towards acid 
hydrolysis was re-investigated, because cephalo- 
sporin C showed a sharp band at 9-7 y in its infrared 
spectrum which was in a similar position to a band 
shown by sulphoxides. The hydrolysis of these 
compounds had been studied by Sykes & Todd 
and by workers at Merck and Co. Inc. before the 
advent of paper chromatography (Peck & Folkers, 
1949). 

In the present work samples of the sulphones of 
penicillin methyl ester (I) 3-acetyl-5:5-dimethyl-2- 
phenylthiazolidine-4-carboxylic acid (II) and 3- 
acetylthiazolidine-4-carboxylic acid (III) were 
hydrolysed in 6N-HCI at 100°. The hydrolysates 
were examined on paper chromatograms run with 
butanol-acetic acid and by ionophoresis on paper at 
pH 7-0. 

The hydrolysates of I and II contained both 
penicillamine and penicillaminic acid and also an 
unexpected neutral amino acid (VI) which ran a 
little further than alanine on the paper chromato- 
gram. Substance VI was isolated in the crystalline 
state from a hydrolysate of I. It was shown to have 
the empirical formula C;H,,;O,N and was almost 
optically inactive. Since it was oxidized by perio- 
date it seemed likely that VI was pt-hydroxyvaline. 


Comparison with authentic DL-B-hydroxyvaline 
showed that the two substances were identical. 

The infrared spectra of crystalline DL-B-hydroxy- 
valine and substance VI were indistinguishable. 
However, they were strikingly different from that of 
the synthetic p and L isomers (Stoll & Petrzilka, 
1952), samples of which were kindly given to us by 
Professor Stoll. In addition to band shifts in the 
3 » and 6—7 » regions (Lenorment, 1946), there were 
many differences in the region 8-13 .. These marked 
differences in spectra may be due to differences in 
intermolecular hydrogen bonding in the two crystal 
lattices. Opportunity for hydrogen bonding is 
presumably increased by the B-hydroxyl group in 
the molecule. 

An unexpected neutral amino acid was also found 
in the hydrolysate of III. This substance behaved 
like serine on two-dimensional chromatograms and 
was oxidized by periodate. Unlike the sulphones I, 
II and III, neither the corresponding sulphoxides 
nor cephalosporin C yielded B-hydroxy amino acids 
on hydrolysis. 

The formation of B-hydroxy compounds from I, 
II and III recalls the behaviour of certain sul- 
phonium compounds, such as methyl methionine 
sulphonium iodide (McRorie et al. 1954; Challenger 
& Hayward, 1954) and S-5-deoxyadenosinyl-5- 
methionine (Cantoni, 1953) which yield homoserine 
on hydrolysis. 
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Some Effects of Acetate and Butyrate on the Metabolism of Rat Kidney Cortex in vitro. By 
T. M. SUTHERLAND. (Rowett Research Institute, Bucksburn, Aberdeenshire) 


Acetoacetate has been shown to cause an increase in 
glucose production by rat kidney cortex slices 
(Weil-Malherbe, 1938). This finding has been con- 
firmed and it has been shown that acetate and 
butyrate have a similar effect. Acetone gave a much 
smaller response than acetoacetate. 

There was in general little change in the glycogen 
content of the slices during incubation. The presence 
of acetate or butyrate resulted in an increase in the 
total yeast-fermentable carbohydrate of the tissue 
and medium. Lactate present in the tissue was small, 
and its disappearance was inhibited to a small 
extent by acetate and quite markedly by butyrate. 
The production of ammonia (and presumably, 
therefore, the catabolism of amino acids) was 
decreased by acetate or butyrate. The amount of 
glucose formed in the presence of acetate or butyrate 
was always less than could theoretically be ac- 
counted for by the ammonia production and the 
lactic acid changes. 

The small uptake of glucose by the tissue was 
decreased in the presence of acetate and the pro- 


duction of lactic acid increased. Oxidation of 
[U-4C]glucose was decreased in the presence of 
acetate. 

There was little interference with pyruvate 
metabolism by equimolar concentrations of acetate, 
but with an acetate:pyruvate ratio of 6:1 there 
was a decrease in pyruvate uptake, an increase in 
lactate production and increase in the efficiency of 
conversion of pyruvate to glucose. Usiny [2-!4C]- 
pyruvate the amount of radioactivity in the carbon 
dioxide produced was reduced by the presence of 
acetate but the amount of activity incorporated into 
glucose increased. 

It would appear that the increased net production 
of glucose by rat kidney cortex slices in the presence 
of acetate may be partly or perhaps wholly ex- 
plained in terms of a sparing action on glucose once 
formed and an increase in the conversion efficiency 
of existing glycogenic materials to glucose. 
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Mevalonic Acid and Carotenogenesis in Phycomyces blakesleeanus. By G. D. BratrHwattEe and 
T. W. Goopwix. (Department of Biochemistry, University of Liverpool) 


It has recently been shown that mevalonic acid 
(B:5-dihydroxy-f-methylvaleric acid) (Wolf, Hoff- 
man, Aldrich, Skeggs, Wright & Folkers, 1956) is 
rapidly incorporated into cholesterol by liver 
homogenates and that it also strongly dilutes out 
the incorporation of labelled acetate and B-methyl- 
crotonic acid into cholesterol (Tavormina, Gibbs & 
Huff, 1956). Mevalonic acid has now been ex- 
amined in relation to B-carotene synthesis in the 
mould Phycomyces blakesleeanus. 

The mould was grown under standard conditions 
(Garton, Goodwin & Lijinsky, 1951) at 28° in shake 
culture (15 x 250 ml. conical flasks, each containing 
30 ml. medium). Immediately carotene synthesis 
began (2-3 days after inoculation) the flasks were 


divided into five groups to which were added: 
[2-4C]acetate only (A and B); labelled acetate plus 
unlabelled mevalonic acid (12 »m/flask) (C and D); 
and labelled acetate plus unlabelled tL-leucine 
(12 um/flask) (E). Two sets of control and mevalonic 
acid flasks were always examined in order to assess 
inter-group variation. The cultures were incubated 
for a further 36-48 hr. The mycelia were then 
harvested, those of each group combined, and the 
crude f-carotene (about 0-25mg. per group) 
isolated by column chromatography after saponi- 
fication of the extracted lipid (Goodwin, 1952). 
Unlabelled carrier (10 mg.) was added and the 
pigment recrystallized to constant activity. Results 
obtained in a typical ‘experiment are: specific 
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activity of B-carotene (c.p.m./mg.) (a) acetate alone 
205 000 and 211 000; (b) acetate+ mevalonic acid 
129 000 and 136 000; (c) acetate+leucine 124 000. 
Mevalonic acid is thus as efficient as leucine in 
diluting out the incorporation of labelled acetate 
into B-carotene. It is not yet known whether both 
give rise to the same precursor, but both lose 
their carboxyl group before incorporation into f- 
carotene in P. blakesleeanus (Chichester, Nakayama, 
Mackinney & Goodwin, 1955) and into cholesterol in 
liver homogenates (Tavormina & Gibbs, 1956), 
respectively. 

We are grateful to Merck, Sharp & Dohme (Dr K. 
Folkers) for a gift of the N.N’-dibenzylethylenediamine salt 
of mevalonic acid; to Roche Products Ltd. (Dr A. L. 
Morrison) for the loan of a shaking machine; to Hoffman La 
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Roche (Dr O. Isler) for a gift of synthetic B-carotene; and to 
the Medical Research Council for financial support. 
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The Occurrence of Lysosome-like Particles in Rat Brain Tissue. By H. Beauray,* ANNE-MARIE 
BeERLEUR and ANDREE Doyen (introduced by C. pE Duve). (Laboratoire de Chimie physiologique, 


Université de Louvain, Belgium) 


The finding that a number of acid hydrolases are 
concentrated within a special group of cytoplasmic 
particles (lysosomes) in liver (de Duve, Pressman, 
Gianetto, Wattiaux & Appelmans, 1955) and 
kidney (Straus, 1956) has prompted us to look for 
similar particles in other tissues. Brain was chosen, 
as differing greatly from the previously investigated 
tissues in its metabolic properties and functions. 

Rat brain homogenates were found to contain 
easily. measurable amounts of acid phosphatase, 
ribonuclease, deoxyribonuclease, cathepsin and f- 
glucuronidase. Like their hepatic homologues, 
which they resemble in some of their basic pro- 
perties such as pH optimum, these enzymes are 

* Aspirant du Fonds National Belge de la Recherche 
Scientifique. 


largely bound to particulate components within 
which they are not fully active on external sub- 
strates unless a lysing agent (Triton X-100) has 
been added to the medium. However, the brain 
particles cannot be distinguished from mitochondria 
on the basis of their sedimentation properties in 
0-25M-sucrose, and appear to be more resistant 
than the liver particles to disrupting treatments. 
Further characterization will be necessary before 
their relationship with the hepatic lysosomes can be 
assessed. 
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The Existence of an Apatitic Synthetic Phosphate with a Ca/P Weight Ratio of 2-26. By 
CLAUDINE Fasry* (introduced by the Commrrreg). (Institut de Thérapeutique expérimentale, Université 


de Liége, Belgium) 


Bone salts have a global Ca/P weight ratio of 
approximately 2-26, but the question is still open 
as to whether they are formed of one or several solid 
phases, i.e. of a physical mixture of calcium carbon- 
ate and calcium phosphate with a lower Ca/P ratio. 
It is therefore interesting to determine whetherasyn- 
thetic entity with the same Ca/P ratio really exists. 

We have previously synthesized a phosphate of 
this composition (Fabry, 1954, 1955) which is the 
most basic compound of the synthetic calcium 

* Chercheur agréé du Centre Interuniversitaire Belge des 
Sciences Nucleaires. 


phosphate series. But its stability is still to be 
demonstrated, because it has only been obtained 
under well-determined conditions. 

(a) Boiling in distilled water during varying 
lengths of time (30 min. to 24 hr.) does not alter the 
chemical composition of the solid. 

(b) If part of the total calcium is present as 4 
separate calcium hydroxide phase or is bound with 
only a small energy (for instance adsorption forces), 
direct immersion in water or immersion after 
breaking the binding by calcination at 900°, would 
involve dissolution of calcium hydroxide or oxide, 
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and alkalinization of the water. This was never in 
fact observed. 

(c) Another argument is brought by X-ray 
diffraction studies. Investigations are made on a 
synthetic phosphate with a Ca/P ratio of 2-26, on 
a synthetic phosphate with a Ca/P ratio of 2-14, and 
on a mixture (total Ca/P = 2-26) of the latter and 
CaCO,. These three different samples are calcined 
at 900°. The mixture and the ‘2-14’ give the same 
X-ray diffraction diagram, which is characteristic of 
the apatite lattice; the ‘2-26’ compound also gives 
an apatitic spectrum without CaO lines, but the 
intensity maxima present a regular displacement: 
1-60 °20 in the range between 80 and 90°20. This 
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indicates that the ‘2-26’ compound is an apatitic 
phosphate of which the crystalline cell dimensions 
are slightly different from the prototype, i.e. the 
‘2-14 phosphate’, of the apatite group. 

Despite the fact that the apatite lattice has a very 
high ionic density, it seems possible to obtain sub- 
stances with even more calcium in the crystalline 
cell itself, in that case the lattice being deformed by 
the presence of this additional calcium. 
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Purification of Acid Deoxyribonuclease. By E. FrepEericg and A. OTH (introduced by the 
ComMITTEE). (Laboratoire de Chimie physique, and Centre Anticancéreux, Université de Liége, Belgium) 


Laskowski, Steberl, Akka & Watson (1954) re- 
ported a considerable purification of a deoxyribo- 
nuclease (DNase IT) from calf thymus by fractiona- 
tion with ammonium sulphate and ethanol. 

We always express the activity of the enzyme at 
pH 4-5 in units defined by Kunitz (1950), namely the 
variation of optical density at 260 mp per minute. 
The specific activity is calculated for a solution 
having an optical density of 1 at 280 my and a 
thickness of 1 em. 

We first found that it was possible to increase the 
yield and the specific activity of the enzyme by 
refining the conditions of fractionation with 
ammonium sulphate. After the two first steps similar 
to those described by Laskowski et al. (1954), the 
precipitate was twice fractionated at pH 3, at 
50, 56, 62 and 70% saturation of ammonium 
sulphate at 0°. The fractions obtained between 56 
and 70% saturation contained the most active 
material; their specific activity was 1, which is not 
far from that obtained by Laskowski et al. (1954) 
after several steps of fractionation with ethanol. 

Great improvements were introduced by using 
chromatography on calcium phosphate (hydroxy- 
apatite) prepared according to Tiselius, Hjerten & 
Levin (1956). 

The fraction obtained after the first two steps of 
ammonium sulphate fractionation (specific activity 
0-2) was convenient for starting chromatography. 
When passed on a column at ionic strength 0-01, all 


the activity was adsorbed, a great amount of 
inactive proteins passing through. Elution was 
performed with 0-1M-, 0-15M- and 0-2M-phosphate 
buffers of pH 6-8. The fraction eluted with 0-2m- 
buffer contained about 60% of the total activity 
with a specific activity of 10. 

The proteins were reprecipitated by 90 % satura- 
tion of ammonium sulphate, dissolved in 0-01m- 
buffer and passed on a new column. Elution was 
made by 0-1m-, 0:15M-, 0-16Mm-, 0-18M- and 0-2m- 
buffers. The activity was located in the 0-15 and 
0-16Mm-eluates, the mean specific activity being 
about 40. 

The total activity extracted from 1 kg. of thymus 
was 80 units at the first step. About 30 units were 
obtained in the purified material at the second 
chromatography run. 

The purified enzyme is very stable in 0-1M- 
phosphate buffer even at high dilution. It loses its 
activity in pure water. It has an optimum of 
activity at pH 4-5 and is completely inhibited by 
0-05 M-magnesium sulphate. 
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By steady state or equilibrium treatment, a number 
of possible mechanisms for the enzyme-catalysed 
reaction of a coenzyme and a substrate, 


yield initial rate equations of the same general form, 
expressed by Alberty (1953) as 


(1) 


1+ (K,/[S,]) + (Ke/[S2]) + [82])’ 
where V, is the maximum rate approached with 
increase of both substrate concentrations, K, and K, 
are Michaelis constants for 8, and 8,, and K,, is a 
new kinetic constant. The Michaelis constants are 
generally complex functions of several rate con- 
stants, some of which refer to reaction steps not 
involving that substrate. It has been found to be 
more convenient to express this general form of 
initial rate equation in the simplest reciprocal form 
with coefficients which can be determined directly 
as slopes and intercepts of reciprocal plots: 


= + + + [S2]), (2) 


where [E]=total concentration of active enzyme 
sites, and v)=initial rate. For the various mech- 
anisms, the coefficients may be zero, or equal to a 
reciprocal rate constant, or functions of several rate 


* Rockefeller Fellow. Present address: Biochemistry 
Department (Radcliffe Infirmary), University of Oxford. 
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Kinetics of Liver Alcohol Dehydrogenase. 
Department, Nobel Medical Institute, Stockholm) 


Previous kinetic studies of the liver alcohol de- 
hydrogenase system (Theorell & Bonnichsen, 1951; 
Theorell & Chance, 1951; Theorell, Nyggard & 
Bonnichsen, 1955) gave results consistent with the 
following mechanism: 
ky 
E+S8,=ES,, 
ky 
ks 
ES,+S8,=—ES,+8,, 
ks 
ky 
ES,=E+8,, 
1 


* Rockefeller Fellow. Present address: Biochemistry 
Department (Radcliffe Infirmary), University of Oxford. 


By K. Dauzre.* and H. THEORELL. 
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Initial Rate Measurements in the Steady State and Enzyme-Coenzyme-Substrate Reaction 
Mechanisms. By K. Datzrex.* (Biochemistry Department, Nobel Medical Institute, Stockholm) 


constants, usually simpler functions than are the 
Michaelis constants. 

Determinations of the four’ coefficients of (2) 
requires initial rate measurements with a range of 
both substrate concentrations. If [S,] is kept con- 
stant and [S,] varied, plots of [E]/v) against 1/[S,) 
will yield, for mechanisms conforming to (2), a 
straight line of slope ¢,+ and intercept 
+4,/[S,]. Since both slope and intercept are 
linear functions of 1/[S,], if such plots are made for 
several values of [S,], the several slopes and inter. 
cepts plotted against 1/[S,] will yield values for the 
four coefficients directly, thus: (1) secondary plot of 
slopes—slope = ¢4., intercept=¢,; (2) secondary 
plot of intercepts—slope = ¢,, intercept = dy. 

Alberty (1953) has deduced relations for the 
various mechanisms between the maximum rates 
and Michaelis constants of (1) and the over-all 
equilibrium constant of the reaction. These rela- 
tions may be used to distinguish experimentally 
between some of the alternatives. Such distinction 
can only be made, however, between mechanisms 
for which there is a relationship between the co- 
efficients of (2) or for which certain of these co- 
efficients are equal to zero. The applicability of these 
mechanisms can also be tested, therefore, by means 
of initial rate data alone. 
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where 8, and S; are reduced and oxidized diphos- 
phopyridine nucleotide, S,=acetaldehyde, 
ethanol and E = alcohol dehydrogenase. The steady 
state treatment of this mechanism (Theorell & 
Chance, 1951) yields an expression for the initial 
reaction rate, v, of the form 


[E]/v = + + + [82]). 


For the forward reaction, 


bo = = I/ks, = ks. 
For the reverse reaction, 


This mechanism may be distinguished from a 
number of other mechanisms which conform to (1) 


by the relations and ¢o¢i2=¢i¢.- In 
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previous kinetic studies of the reaction, a high con- 
centration of one substrate was always used, which 
permits the calculation of six rate constants corre- 
sponding to the Theorell—Chance mechanism but not 
the evaluation of the coefficients ¢,, and ¢{,. The 
four coefficients of (1) have now been determined 
for the direct and reverse reaction, by the procedure 
described in the preceding communication, at 
several pH values, and in the presence of several 
concentrations of sodium chloride at pH 7. Initial 
rate measurements were made by a fluorimetric 
method (Theorell & Nygaard, 1954). The results are 
not consistent with the Theorell-Chance mechanism 
at pH 7 in the absence of sodium chloride, since 
bo < $; $2/¢i2> ie. the maximum rate of the forward 
reaction is greater than the value of k) calculated 
from the coefficients of the reverse reaction. There 
was evidence of this in the discrepancy between the 
over-all equilibrium constant calculated from the 
rate constants determined in the earlier work 


(Theorell e¢ al. 1955) and the directly determined 
value, although the difference was not greater than 
the possible experimental error. Neglect of rate- 
limiting ternary complexes ES,S, and ES; does 
not account for this discrepancy. Chloride greatly 
affects the values of the rate coefficients and with 
0-3m-chloride the data are consistent with the 
Theorell-Chance mechanism. The reaction has also 
been studied at high alcohol concentrations, which 
inhibit and cause deviation from (1). A possible 
explanation of the results will be discussed. 
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6B-Dimethylacrylylcholine, a New Naturally Occurring, Physiologically Active Ester of Choline. 


By V. P. WuirraKErR. (A.R.C. Institute of Ani 


l Physiology, Babraham, Cambridge) 


When hypobranchial extracts of the Southern 
oyster drill, Thais floridana, were submitted to 
column chromatography as previously described 
(Whittaker & Michaelson, 1954), the acetylcholine 
(ACh)-like activity (equivalent to about 700 yg. 
ACh chloride/g. fresh tissue) behaved differently 
from ACh and urocanylcholine, previously identified 
in related species (Erspamer & Benati, 1953; 
Whittaker & Michaelson, 1954). The active sub- 
stance (TF) on treatment with alkali (10 min. at 
pH 11 and 100°) was inactivated and hydrolysed to 
choline (identified by paper chromatography in four 
solvents) and a volatile fatty acid. The latter had an 
absorption maximum at 220 my, suggesting an 
«#B-unsaturated fatty acid, and took up approxi- 
mately 1 ~zmol. bromine or hydrogen/pequiv. acid. 
On vapour phase chromatography (James & 
Martin, 1952) it behaved like an unsaturated C, 
fatty acid. The hydrogenated acid was identified as 


The Formation of “C-Labelled Sterols by Yeast. 


isovaleric acid by the same technique. Since Bf- 
dimethylacrylic (senecioic) acid is the only «f- 
unsaturated fatty acid with the same carbon 
skeleton as isovaleric acid, it was concluded that 
TF is Bf-dimethylacrylylcholine. This has been 
confirmed by the identity of TF and the synthetic 
ester in a number of tests, physical and biological. 


It is a pleasure to acknowledge my indebtedness to 
Miss J. M. Gilson for her skilled technical assistance, to 
Mr J. Keyl for supplies of hypobranchial extract and to 
Dr E. F. Annison for carrying out the vapour phase chro- 
matography. 
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By E. Kopicex and D. R. AsusBy. (Dunn 


Nutritional Laboratory, University of Cambridge and Medical Research Council) 


The biosynthetic pathway of sterols via squalene 
and lanostadienol, appears to operate in yeast. 
Farnesol or farnesenic acid have been suggested as 
possible precursors of squalene (Dituri, Cobey, 
Warms & Gurin, 1956), but [14C]farnesenic acid does 
not appear to be incorporated into cholesterol 
(Sandermann & Stockmann, 1956). 


While preparing [*4C]ergocalciferol from biosyn- 
thetically labelled ergosterol (Kodicek, 1955), we 
have studied the formation of lipid fractions in 
yeast, grown in N, for 48 hr. to produce sterol- 
deficient yeast and harvested after a further 24 hr. 
aerobic incubation at, 32° in 0-1M-phosphate— 
acetate buffer, pH 5-2, with [methyl-14C]acetate. 
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The unsaponifiable matter of the yeast was fraction- 
ated into digitonin-precipitable and soluble frac- 
tions and chromatographed by the reversed-phase 
procedure (Kodicek & Ashby, 1954). In the digi- 
tonin-precipitable sterol fraction, SbCl, spray, #4C- 
counts and autoradiographs revealed ergosterol, 
zymosterol, lanostadienol and two unidentified 
minor sterols; in the digitonin-soluble fraction 
squalene, some lanostadienol, farnesol and three 
unidentified substances were detected. The forma- 
tion of sterols in yeast was followed at regular 
intervals during the 24 hr. aerobic incubation. The 
sterol-deficient Saccharomyces cerevisiae, strain 
LK2G 12, was rich in squalene (66% of the un- 
saponifiable matter) and its concentration decreased 
within 2 hr. to 21 % and after 24 hr. to 8%. Lano- 
stadienol increased rapidly from 0-5 to 35 % at 4hr. 
and decreased then to 12% at 24hr. Ergosterol 
increased more slowly, reaching a maximum of 
35% at 24hr., and the zymosterol concentration 
ran approximately parallel. The time-concentration 
relationship was consistent with the proposed bio- 
synthetic pathway: squalene—lanostadienol—ergo- 
sterol or zymosterol. The farnesol concentration did 
not appear to vary markedly during time. 

The 4C-fatty acids in yeast increased with in- 
crease in the unsaponifiable matter, indicating that 
they were not ‘back-shunted’ to any significant 
extent into the formation of isoprenoid structures. 
Furthermore, analysis of the yeast fatty acids, 


Two vitamin A-deficient rats were given orally 7-8 
and 43mg. respectively of crystalline 'C-p- 
carotene (0-4yc/mg. and H}% 450 my, 2550) 
dissolved in 1-0 ml. arachis oil and their respired 
CO, separately collected at frequent intervals for 
24 hr. The animals were then killed and the in- 
testinal, liver and kidney lipids examined for radio- 
activity. 

Approximately 50-70% of the dose was not 
absorbed. Of the absorbed material, just over 2% 
was eliminated as “CO, in the 24hr. It first 
appeared 0-5 hr. after dosing, attained a maximum 
4-5 hr. later and then slowly declined. It appears, 
therefore, that the C-f-carotene was rapidly 
degraded during its absorption across the intestinal 
wall. The percentage radioactivity in tie total tissue 
lipids of the second animal were as follows: liver 30; 
intestine 13 and kidney 0-3. The liver and intestinal 
lipids were resolved and the radioactivity deter- 
mined in the following fractions: f-carotene, 
vitamin A, sterols and fatty acids (ether-soluble). 


The Metabolism of Uniformly “C-Labelled B-Carotene in the Rat. 
J. GLOVER. (Department of Biochemistry, University of Liverpool) 
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kindly made by Dr A. T. James, showed that the 
branched or unsaturated C,;-acids, of which 
farnesenic acid could be a component, constituted 
only 0-4%. However, 14C-fatty acids from yeast, 
added in the aerobic incubation period, were 
potentially an efficient carbon source for isoprenoid 
units, since they were incorporated into the carbon 
of the unsaponifiable matter to the extent of 12% 
compared to 1-7 % of [14C]acetate. 

Coenzyme A function did not seem connected 
with the sterol deficiency in the anaerobic growth 
period nor with sterol formation during aerobic 
incubation, since addition of pantothenic acid, 
pantotheine and/or lipoic acid were without affect. 
The appearance of sterols in presence of O, is 
consistent with the observations of Klein (1955) and 
with the activation of squalene oxidocyclase I of 
Tchen & Bloch (1956). 
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By M. J. Fisawicx and 


For the liver, the values were: 3-0, 14-4, 1-3 and 
1-4 %. Thus the 14C-8-carotene has been degraded to 
yield intermediary metabolites as well as vitamin A. 
The nature of the first fragment(s) formed has not 
yet been elucidated, but in view of the relative 
stability of orally administered vitamin A or 
retinene, which are well absorbed and stored in the 
liver of the dosed animals, the above results indicate 
that the “C-8-carotene was attacked at some other 
position(s) than the central double bond. 

To obtain information regarding possible inter- 
mediary metabolites, the C,,—-C,, fatty acids and 
cholesterol were isolated in pure crystalline form 
and their specific activities compared. The values 
for the fatty acids in the intestine in two experi- 
ments were: (I) 11-17 ¢.p.m./mg. and (II) 6- 
10 c.p.m./mg. and for the cholesterol (I) 31 ¢.p.m./ 
mg. and (II) 84 ¢.p.m./mg. respectively. The corre- 
sponding figures for liver in experiment (II) were: 
fatty acids 12-14¢.p.m./mg. and _ cholesterol 
43-4 ¢.p.m./mg. The cholesterol values are all 
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higher than the others in spite of the fact that the 
B-carotene was administered in arachis oil which 
would provide a ready available metabolic pool of 
C, units and so tend to trap any radioactive C, units 
formed. A similar result, however, was obtained in 
a third experiment where the C-8-carotene was 
administered in aqueous Tween 80 solution. The 
higher specific activity of cholesterol would suggest 
that the carbon fragments removed from the f- 
carotene entered the C,;—C, branched unit system 
more readily than the C, unit system of the fatty 
acid helix. 

This work, and the observations of Fazakerley & 


Glover (1957), indicate that the formation of 
vitamin A from the larger fragment, which would 
result from oxidative fission of a terminal double 
bond in f-carotene, involves at least in part some 
other enzyme system than f-oxidation previously 
thought capable of degrading the unsaturated 
branched carbon chain (Glover & Redfearn, 1954). 
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Simultaneous Measurement of Extinction Changes at Three Wavelengths in Heart Muscle 
Sarcosomes. By F. A. Hotton. (Medical Research Council, Experimental Radiopathology Research 


Unit, Hammersmith Hospital, London, W. 12) 


The monochromator of a Hilger Uvispek spectro- 
photometer has been modified by the addition of a 
deflecting mirror, double slit assembly and a 
surface-aluminized prism so that monochromatic 
beams of three different wavelengths emerge from 
the instrument. The intensities of these beams are 
measured independently by three photomultipliers, 
the electrical outputs of which are amplified after 
applying a backing-off current to each. The resultant 
signals are recorded by a triple-channel pen-writing 
milliammeter. 

With this instrument changes of extinction due 
both to the swelling and shrinking of heart muscle 
sarcosomes (mitochondria) and to the oxidation and 
reduction of their endogenous respiratory pigments 
may be measured with high sensitivity. An optical 
cell containing a suspension of sarcosomes is placed 
before the entry slit of the monochromator and is 
illuminated by a stabilized light source. In a multi- 
channel recording, extinction changes due to 
pigment reactions may be distinguished from those 
due to swelling and shrinking by their more rapid 
dependence on wavelength. 

In the presence of co-factors and oxidizable 
substrate the sarcosomes show only a very slight 
tendency to swell or shrink so long as the suspension 
remains aerobic. When the suspension becomes fully 
anaerobic a steady rate of shrinkage is observed, but 
on re-aeration this is rapidly and completely re- 


versed. These effects are probably accompanied by 
movements of solutes between the interior of the 
sarcosome and the suspension medium similar to 
those observed in mitochondrial preparations by 
previous workers (cf. Bartley & Davies, 1954), and 
which are related to active metabolism of oxidizable 
substate (see also Werkheiser & Bartley, 1956). In 
the work reported here it was found that the steady 
rate of shrinkage observed under anaerobic condi- 
tions was established within 90 sec. of the initiation 
of cytochrome a, reduction, and within 10 sec. of its 
completion. Recent measurements of the ATPase 
activity of sarcosomes (Holton, Hiilsmann, Myers & 
Slater, 1957) indicates that under the conditions of 
these experiments the endogenous ATP would be 
completely broken down within 10sec. of the 
cessation of oxidative phosphorylation. These 
observations are thus in agreement with previous 
work indicating that solute accumulation in mito- 
chondria is closely correlated with the presence of 
endogenous high-energy phosphate. 
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Production of Carbon Monoxide and Bile Pigment by Haemin Oxidation. By G. D. Lupwia,* 


W. S. Blakemore and D. L. (introduced by K. Datziet). 


(Department of Medicine and 


Johnson Foundation, Biophysics, Harrison Department of Research Surgery, School of Medicine, and 
Department of Physiologial Chemistry, Graduate School of Medicine, University of Pennsylvania, 


Philadelphia) 


Production of carbon monoxide by oxidation of 
haemoglobin in vitro has been demonstrated, con- 
firming Sjéstrand’s (19494, b, 1952) claims which he 
advanced as a result of physiological studies in man. 
Detailed investigations of the coupled oxidation 
of crystalline haemin (pyridine haemochromogen) 
and reducing substances (hydrazine, ascorbic acid) 
show that CO is produced concomitantly with green 
pigment (verdohaemochromogen) and that it 
results from splitting out the «-methene bridge 
carbon. In various phases of this work CO has been 
identified and its concentration measured by a 
variety of methods: infrared gas analysis; spectro- 
photometric recording of CO complexes of haemo- 
globin and of cytochrome ¢ at alkaline pH ; chemical 
methods dependent upon reaction with iodine 
pentoxide or palladium chloride; oxidation of CO 
derived from labelled haemin with subsequent pre- 
cipitation of radioactive BaCO,. 

Crystalline haemin containing eight 14C atoms per 
mole (each methene bridge carbon and an adjacent 
carbon atom in each pyrrole ring) was oxidized by 
Lemberg’s (1935) modification of the Warburg— 
Negelein (1930) method; the resultant CO was 
quantitatively oxidized to CO, and precipitated and 
counted as BaCO,. The latter yielded high counts 
with specific activity approximating to that found 
in the haemin initially. Since no evidence of 
dipyrrole formation or degradation of pyrroles was 


* Markle Scholar in the Medical Sciences; present 
address: Biochemical Division, Medical Nobel Institute, 
Stockholm, Sweden. 


obtained, and in view of Lemberg’s (1935, 1949) 
demonstration that the bile pigments produced by 
this reaction are of the «-urobilin type, it was con- 
cluded that the CO was derived from the «-methene 
bridge carbon. 

Kinetic studies show that the peak of CO pro- 
duction lags far behind that of a green pigment, 
suggesting an intermediate in which the «-methene 
bridge carbon is oxidized to a carbonyl group, as 
claimed by the Fischer school (Libowitsky & Fischer, 
1938; Libowitsky, 1940; cf. also, Gray, 1953). 

Assuming that each mole of haem oxidized yields 
one mole of CO, a conclusion which is supported by 
these studies, one may calculate that the amount of 
CO to be expected from daily haemoglobin cata- 
bolism is a major factor in explaining blood CO 
levels that have been reported for non-smoking 
healthy subjects. 
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Note on the Effects of the Proteins of the Medium in Pneumococcal Transformations. By 


R. THomas* (introduced by the ComMITTEE). 


Bruzelles, Belgium) 


A factor provided by serum or serous fluids is needed 
in order to obtain, in a pneumococcal population, 
transformations by deoxyribonucleic acid (DNA) of 
another strain; Hotchkiss & Ephrussi-Taylor (1951) 
identified it as albumin. It was later shown (Thomas, 
1955) that albumin is necessary for the appearance 
of competence—the state of the bacterial cell which 
enables transformation, probably by allowing the 
penetration of DNA. The present work concerns 
the effect of proteins on the maintenance of com- 
petence. 

* Chargé de Recherches du Fonds National Belge de la 
Recherche Scientifique. 


(Laboratoire de Morphologie animale, Université de 


The appearance of new competent cells can be 
interrupted if the culture is diluted in fresh medium 
(Thomas, 1955); the presence of albumin in this 
medium prolongs the state of competence of the cells 
which were already competent at the moment of the 
dilution. The frequency of transformation is in- 
creased if the reaction between competent cells and 
DNA is carried out with albumin present: this 
appears as a normal consequence of the effect on the 
maintenance of competence, if the frequency of the 
transformation depends on a competition between 
the reaction (competent cells-DNA) and the loss of 
competence. This effect is not specific for albumin 
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and is given, for example, by ribonuclease, but only 
if the interference of this protein at other levels of 
the transformation (Thomas, 1956) is avoided. 
Competent cells seem to show an abnormal 
permeability, which could be explained if part of 
the bacterial surface was essentially like that of 
a protoplast. In fact, competent populations are 
much more sensitive to osmotic shock than are non- 
competent cultures. Zinder & Arndt (1956) ob- 
served that the protoplasts of Escherichia coli lyse in 
the absence of albumin, independent of the osmotic 
conditions of the medium. Therefore it could be 


supposed that the observed prolongation of com- 
petence by proteins is in fact due to an effect on the 
viability of competent cells after dilution; this is, 
however, not the case. 
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The Synthesis of a C,, Homologue of Vitamin A and its Metabolism in the Rat. By E. R. REpFEARN. 
(Department of Biochemistry, The Queen’s University, Belfast, N. Ireland) 


A C,;-vitamin A homologue, 3:7:11-trimethyl- 
13-(2:6:6-trimethyl- cyclohex-l-en-l-yl) -trideca- 
2:4:6:8:10:12-hexaen-l-ol, was synthesized by the 
method described by Robeson e¢ al. (1955) for the 
synthesis of vitamin A, but instead of using f- 
ionylideneacetaldehyde as the starting material, 
vitamin A aldehyde was used. The product was 
obtained pure, free from contamination with vita- 
min A. In this C,;-alcohol, the polyene chain of 
vitamin A has been extended by five carbon atoms, 
and it possesses a methyl group in the f-position 
with respect to the alcohol group, a terminal 
grouping similar to that of vitamin A. 

When daily doses of 100 yg. of the C,,;-aleohol had 
been administered to vitamin A-deficient rats over 
periods of 1-2 weeks, it was found that the livers 
contained vitamin A together with some of the C,,- 
alcohol unchanged. The liver vitamin A was 
equivalent to 2-4 % of the total dose of C,,;-alcohol 
fed. It has already been shown (Redfearn, 1954) 
that an analogous substance, f-apo-12’-carotenal, 
which possesses a methyl group in the «-position 
with respect to the terminal group, gives a 3-4% 
conversion to vitamin A when administered at the 
same dose level. It appears therefore, that the 
B-methyl group in the C,;-aleohol does not inhibit 
oxidation to vitamin A any more than a methyl 
group in the «-position. 


In the hypothesis put forward by Glover & Red- 
fearn (1954) to explain the conversion of B-carotene 
into vitamin A, it was suggested that the progressive 
oxidation of B-carotene from one end of the molecule 
was terminated when vitamin A was formed, since 
this has a terminal B-methyl group. It seems how- 
ever, that this type of group in higher homologues 
of vitamin A does not inhibit further oxidation. 

When the C,,-acid was fed in 100 ng.—1 mg. daily 
doses, the amount of vitamin A stored in the livers 
after 1-2 weeks was only 0-1—0-3 % of the total dose 
administered ; Fazakerley & Glover (1957) reported 
that the «-methylated C,,-acid, B-apo-12’-carotenoic 
acid, gave a 7-21 % conversion to vitamin A. Thus 
although the f-methyl group in the C,;-acid does 
not inhibit completely oxidation to vitamin A, the 
percentage conversion is much less than that for the 
corresponding alcohol and the «-methylated acid. 


REFERENCES 


Fazakerley, 8S. & Glover, J. (1957). Biochem. J. (in the 
Press). 

Glover, J. & Redfearn, E. R. (1954). Biochem. J. 58, xv. 

Redfearn, E. R. (1954). Ph.D. Thesis, University of 
Liverpool. 

Robeson, C. D., Cawley, J. D., Weislar, L., Stern, M. H., 
Eddinger, C. C. & Chechak, A. J. (1955). J. Amer. chem. 
Soc. 77, 411. 


G,* 
umd 
und 
ia, 
49) 
by 
ne 
ro- 
at, 
ne : 
as 
er, 
ds 
of 
10 
ng 
ds 
is 

Is 

d 
e 
" 

n 
f 
n 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


DEMONSTRATION 


Separation of Serum Proteolytic Inhibitors by Electrophoresis, and their Nature. By 
J. Bopman.* (John Beard Research Institute, California) 


Mammalian sera contain inhibitors to proteolytic 
enzymes which migrate under electrophoresis with 
different protein fractions (Surgenor et al. 1955). 
Schmitz (1938) investigated these in ox blood and 
described the inhibitors to trypsin and chymo- 
trypsin. He was able to isolate the inhibitor to 
trypsin from ox serum, but not the inhibitor to 
chymotrypsin, and showed that these acted in 
accordance with the law of mass action, and were 
reversible. Northrop et al. (1948) confirmed this. 
Bier, Sri Ram & Nord (1955) report on inhibitors in 
human and rabbit serum which combine stoicheio- 
metrically with the enzyme. Jansen et al. (1949) 
showed that di-isopropylfluorophosphonate _ ir- 
reversibly formed a compound with chymotrypsin. 
The serine is specifically attacked. 

By allowing proteolytic enzymes to act on 
serum, and then comparing the protein fractions 
separated by electrophoresis at pH 8-70 and 4-40, 
it can be shown that a, and a, glycoproteins are 
substrates, and also part of the albumin; such 
examinations have been carried out using staining 
with Light Green and periodate—Schiff techniques. 

A simple method of estimating the inhibitor has 
been developed (Bodman, 1957), and it has been 
shown that the serum inhibitor titres vary con- 
siderably and independently in health and disease. 
Certain cases have been followed up for over five 
years, and of these three have been found with 
negligible and constant titres of chymotrypsin 
inhibitor. It is suggested that the quantity of 
inhibitor in health is related to enzyme production. 

Ungar et al. (1951) have shown a fibrinolysin 
inhibitor to be under hormonal control. This has 
been shown in other systems. The chymotrypsin 
inhibitor increases steadily during pregnancy and 
falls after lactation; the antithrombin titre varies 
inversely (MacFarlane & Norman, 1954) ; the trypsin 


* Present address: 99 Harley Street, London, W. 1. 


inhibitor rises and falls about mid-term (Flexner 
et al. 1929); the effective serum concentration of 
lipase and amylase similarly falls and then rises, 
Many hormones are glycoproteins and are digested 
by proteolytic enzymes (Kent & Whitehouse, 1955). 

If the inhibitor enzyme complex is formed 
reversibly, and the inhibitor is under hormonal 
control, it would appear that this is a vital physio- 
logical mechanism. 

Separation and collection of the inhibitors can be 
carried out by curtain electrophoresis using a 
modification (Hobart & Rose, 1955) of the appar- 
atus described by Block et al. (1955). The position 
of the chymotrypsin inhibitor is very narrowly 
demarcated and this may be an albumin-carbo- 
hydrate complex; the trypsin inhibitor is more 
widely scattered. 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


The 362nd Meeting of the Biochemical Society was held in the Department of Biochemistry, University 
College of South Wales, Newport Road, Cardiff, on Friday, 24 May 1957, at 2 p.m., when the following papers 


were read: 


COMMUNICATIONS 


Some Steroids and other Lipids of Pregnant Goat’s and Cow’s Urine. 


By A. A. Wricutr and 


W. Ktyne. (Postgraduate Medical School, London, W. 12) 


Previous work has been described by Klyne & 
Wright (1956a, b, 1957). The non-ketonic alcohol 
fraction from pregnant cow’s urine has yielded 
5p-androstane-3a:17«-diol (obtained by Pearlman 
& Cerceo (1948) from pregnant cow’s bile), and 
another compound (CB), presumably a diol, m.p. 
235-238° (acetate m.p. 163-164°). 

A similar fraction from pregnant goat’s urine has 
yielded 5«-androstane-38:17«-diol, which we have 
obtained previously from cow’s urine (Klyne & 
Wright, 19566). The finding of these 17«-hydroxy- 
steroids is noteworthy. 

The alcoholic fractions from both urines have 
also yielded material which appeared to be a 
mixture of the tetrahydroionanediols A and B 
[4-(3’-hydroxy buty])-3:3:5-trimethylcyclohexanols ; 
Prelog, Fiihrer, Hagenbach & Schneider, 1948]. 
Similar material previously isolated from bull’s 
and cow’s urine by Broadbent, Brooks & Klyne 
(1953) had been provisionally identified as the 
diol A. Attempts were made, using samples of the 
authentic diols generously presented by Professor V. 
Prelog (Ziirich), to find derivatives suitable for the 
separation and characterization of these two com- 
pounds. The diacetates were gums and their infrared 
spectra were virtually identical; the dibenzoates 
behaved similarly. The bis-phenylurethanes could 
be separated by chromatography on alumina, and 
their infrared spectra showed small but distinct 
differences. Using these derivatives, both diols A 
and B have been isolated from pregnant cow’s and 
goat’s urine. A preliminary study of the optical 


rotatory dispersion of the diacetates and diben- 
zoates of A and B by Professor C. Djerassi (Wayne 
State University, Detroit; cf. Djerassi, Riniker & 
Riniker, 1956) indicates that these compounds are 
optically active, and not racemates. 

The non-volatile alcoholic fraction from pregnant 
goat’s urine has yielded a solid (~ 0-5 mg./l.) which 
is probably ‘ceryl alcohol’ (Pollard, Chibnall & 
Piper, 1931), as shown by comparison with an 
authentic sample kindly provided by Dr A. C. 
Chibnall, F.R.S. (Cambridge). This material and 
the ionane compounds (cf. Holtz, 1954) are prob- 
ably of dietary origin. 

We are indebted to the Agricultural Research Council for 
grants and to Dr S. J. Folley, F.R.S., and Dr A. T. Cowie 
(National Institute for Research in Dairying) for arranging 
the supply of urine. 
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An Acid-labile Precursor of 1-Naphthylmercapturic Acid and Naphthol. By E. Boyianp, P. Sims 
and J. B. Sotomon. (Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer 


Hospital, Fulham Road, London, S.W. 3) 


Boyland & Wiltshire (1953) observed that one of the 
metabolites in the urine of rabbits and rats dosed 
with naphthalene reacted like 1-naphthol to give 
a blue colour with diazotized p-nitroaniline, or with 
2:6-dichloroquinone chloroimide after acidification, 
but was not extractable from aqueous solutions by 
ether. This ‘ether insoluble naphthol’ was detected 


d 


on paper chromatograms by the non-fluorescent 
spot seen when the chromatograms were examined 
in ultraviolet light and by the colour produced when 
the chromatograms were sprayed with diazotized 
p-nitroaniline. The compound had R, 0-35 on 
chromatograms which were developed downward 
with n-butanol-ammonia. When the urines of 
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rabbits and rats dosed with naphthalene were 
examined on paper chromatograms, before and 
after acidification with hydrochloric acid, the 
‘ether insoluble naphthol’, present in untreated 
urine, was absent in acidified urine. Whereas little 
or no 1-naphthylmercapturic acid was detected in 
the untreated urine, large amounts were present in 
the acidified urines, identical with that isolated by 
Bourne & Young (1934). When the urines were run 
on two-dimensional chromatograms which were 
treated with hydrochloric acid between the first and 
second developments, the ‘ether insoluble naphthol’ 
spot gave 1-naphthylmercapturic acid, 1-naphthol 
and 2-naphthol. The mercapturic acid precursor 
and the ‘ether insoluble naphthol’ thus appear to be 
the same compound which is immediately decom- 


Hill, London, S.E. 5) 


The injection of salicylate has been observed to 
cause an increased intestinal absorption of glucose 
in the normal rat (Smith, 1954). Sacs of everted 
small intestine from the rat have been used in the 
present work to study the effects of salicylate added 
‘in vitro’ on the movement of glucose across the 
intestinal wall. It has been shown by Wilson & 
Wiseman (1954) that such sacs are capable of 
transferring glucose against a concentration gradient 
from the mucosal to the serosal side and are also 
convenient preparations for the measurement of 
oxygen consumption, glucose uptake and _ lactic 
acid production. 

Incubation of the sacs with 5 mm salicylate com- 
pletely inhibited the movement of glucose against 


Establishment, Porton, Wiltshire) 


Organophosphates inhibit cholinesterase by phos- 
phorylation of some group at or near the active 
centre of the enzyme. The enzymic activity can be 
restored by displacement of the enzyme from the 
phosphoryl group by nucleophilic reagents, es- 
pecially hydroxamic acids and oximes. The re- 
activating power of these compounds (Childs, 
Davies, Green & Rutland, 1955), unlike their 
reactivity with simple organophosphates (Green & 
Saville, 1956), is not primarily dependent on their 
dissociation constants. 

The reaction process obeys a Michaelis-Menten 
type rate law, v=k[ EI] [A]/(K+[A]), where EI is 
the inhibited enzyme, A the reactivator, K the 
equilibrium constant for the formation of a loose 
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posed by cold dilute mineral acid just as 1:2-dihydro. 
l-naphthyl glucosiduronic acid is decomposed 
(Boyland & Solomon, 1955). It is not readily de. 
composed by acetic acid. The substance was not 
detected in the urines of rabbits dosed with 1. 
naphthol or 1:2-dihydronaphthalene-1:2-diol. The 
compound appears to be N-acetyl-S-(2-hydroxy- 
1:2-dihydronaphthyl)cysteine. Analogous com. 
pounds appear to be formed in the metabolism of 
bromobenzene and anthracene. 
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The Effects of Salicylate on the Metabolic Activity of the Small Intestine of the Rat. By 
M. J. H. Smrrx. (Department of Chemical Pathology, King’s College Hospital Medical School, Denmark 


a concentration gradient from the mucosal to the 
serosal side but increased the passive diffusion of 
sorbose. Salicylate also decreased the oxygen 
consumption and caused a significant loss in weight 
of the sacs but did not affect the glucose utilization 
or lactic acid accumulation. It was found that the 
loss in weight which occurred during incubation of 
the sacs with salicylate resulted from structural 
damage to the epithelium lining the villi. 
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Complex Formation in the Reactivation of Cholinesterase Inhibited with Organophosphates. 
By A. L. GREEN and H. J. Smira (introduced by D. R. Daviss). (Chemical Defence Experimental 


complex between reactivator and inhibited enzyme, 
and k the rate of breakdown of the complex to give 
the reactivated enzyme. In dilute solution, 
»v=k[ EI] [A]/K, and the rate of reactivation will 
depend not only on the intrinsic reactivity of the 
reactivator with organophosphates, but also on the 
strength of the preliminary complex and suitable 
orientation of the reactivator in this complex. It has 
been possible to explain many of the discrepancies in 
relative reactivating powers on this basis. Pyridine- 
2-aldoxime methiodide, the best reactivator yet 
found (Davies & Green, 1955), forms strong 
complexes with the phosphorylated enzyme 
(K=1-4x 10-4 mole/l. for the diethylphosphoryl 
enzyme, and 8 x 10-4 mole/l. for the di-isopropyl- 
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phosphoryl enzyme). Pyridine-4-aldoxime meth- 
iodide, which is a less effective reactivator, forms 
weaker complexes and has a lower value for K. 
Reactivators may form complexes at two distinct 
sites on the phosphorylated enzyme. The anionic 
site will bind reactivators possessing cationic 
centres, such as the pyridine-aldoxime methiodides, 
while a second site will bind reactivators possessing 
a carbonyl substituent, such as 2-oxo-aldoximes. 
These two classes of reactivator may be distin- 
guished by the effect of electrolytes on the rate of 
reactivation. Electrolytes retard reactivation by 
pyridine-2-aldoxime methiodide, probably by com- 


petition between the cation of the electrolyte and 
the oxime for the anionic site on the phosphorylated 
enzyme. In contrast, the cations of electrolytes 
accelerate reactivation by 2-oxo-aldoximes but the 
mechanism is not known. 
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The in vivo Effects of Some Oximes in Sarin Poisoning. By J. P. Ruttanp. (Chemical Defence 


Experimental Establishment, Porton, Wiltshire) 


Mono-isonitrosoacetone (MINA) and diacetyl mon- 
oxime (DAM) have been shown by Askew (1956) 
to be effective antidotes for isopropyl methyl- 
phosphonofluoridate (Sarin) poisoning in rats. In 
vitro, these oximes react with Sarin (Green & Saville, 
1956) and reactivate Sarin-inhibited cholinesterase 
(ChE) (Childs, Davies, Green & Rutland, 1955). 
Recently, Hobbiger (1957) found that pyridine-2- 
aldoxime methiodide (P,AM), which protects mice 
against organophosphate poisoning, reactivated 
blood, but not brain, ChE in vivo. 

The in vivo effect of MINA and DAM upon ChE in 
Sarin poisoning has been investigated. 

Equimolar doses of MINA (35 mg./kg.) or DAM 
(41 mg./kg.) were given intraperitoneally to rats 
10min. before subcutaneous injection of Sarin 
(2x LD50), and blood and brain ChE activities 
determined at times corresponding with the deaths 
of controls which had received only Sarin. After 
the former, oxime blood ChE activity was 43 %, and 
after the latter, 26 % of normal, compared with 19 % 
in controls. Brain activity was 59 and 100 % after 
MINA and DAM respectively (control value = 5%). 


MINA, injected 1 min. after the onset of cho- 
linergic symptoms, increased brain activity 20-25 % 
in 10-15 min. and 30% in 2hr. Following DAM, 
reactivation was small, giving a value not much 
higher (5%) than that of controls, but this observa- 
tion was confirmed by increasing the dose of DAM 
and obtaining a higher (10%) degree of activity. 
Reactivation of blood ChE was also produced by 
MINA and DAM, the latter again being less 
effective. 

DAM was not as efficacious as MINA in relieving 
symptoms of Sarin poisoning. 

Preliminary results, obtained when P,AM was 
given after commencement of symptoms, confirm 
those of Hobbiger, and show, also, that skeletal 
muscle ChE is reactivated 50% in 1 hr. 
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Factors Influencing the Effect of Oximes on Organophosphate-Poisoned Animals. By Beryi 
M. Askew, D. R. Davies and A. L. GREEN. (Chemical Defence Experimental Establishment, Porton, 


Wiltshire) 


Oximes react rapidly with many organophosphates 
and reactivate cholinesterase (ChE) after inactiva- 
tion by them. Their value in the treatment of 
organophosphate poisoning has been demonstrated 
by Askew (1956), Kewitz, Wilson & Nachmansohn 
(1956) and Hobbiger (1957). If their therapeutic 
activity depended solely upon their reactivity and 
ability to reactivate, some direct correlation would 
be expected between these three properties. 


Kewitz et al. concluded that the effect of pyridine- 
2-aldoxime methiodide (P,AM) was entirely due to 
its action on the phosphorylated enzyme, but 
Hobbiger has questioned this. 

Comparison of the chemical, biochemical and 
therapeutic properties of mono-isonitrosoacetone 
(MINA), diacetyl monoxime (DAM) and P,AM 
expose a number of interesting anomalies. Thus, 
their relative therapeutic potencies are not entirely 
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consistent with their reactivities with organo- 
phosphates or with their reactivating powers. 
Whereas MINA and P,AM react at about the same 
rate with organophosphates, DAM reacts more 
slowly, while the reactivating powers fall in the 
order PAM>MINA>DAM; yet DAM and MINA 
are equally effective in animals poisoned with 
isopropyl methylphosphonofluoridate (Sarin) but 
P,AM is ineffective. Atropine considerably en- 
hances the action of oximes when given before the 
poison, but is less effective after poisoning. The 
enhancement is in the order P,AM>MINA> DAM. 

There are marked species differences in the 
response to these oximes. DAM and MINA are 
more effective in rats than in other animals. 

The reactivity of oximes with organophosphates 
is, in general, inadequate to explain their therapeutic 
activity, but their limited potency is explicable on 
the basis of their ability to reactivate phosphoryl- 
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ated ChE. The interpretation is complicated since 
the minimum level of ChE necessary is not known 
with certainty. Organophosphates can exert lethal 
effects centrally, peripherally or both and _ the 
relative significance of these will depend upon the 
agent and the species. The distribution of injected 
oxime varies with the oxime and this also is a factor 
which may explain their inadequacy in some cases, 

The chain of events is inhibition of ChE, accumu. 
lation of acetyl choline (ACh) and death from anoxia. 
Oximes do not antagonize ACh, nor combat 
anoxia, hence their effects are enhanced by atropine 
and artificial respiration. 
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The Functional Groupings of Human Arylsulphatase B. By C. H. Wynn and K. 8S. Donason. 
(Department of Biochemistry, University of Wales, Newport Road, Cardiff) 


Human liver arylsulphatase B has been considerably 
purified by a procedure involving acetone fraction- 
ation, treatment with protamine sulphate and 
adsorption on sintered-glass disks. During the 
early stages of the purification procedure the 
enzyme gave an anomalous substrate concentration— 
activity curve and its activity was markedly in- 
fluenced by the concentration of the acetate buffer 
used in the incubation mixture. These anomalies 
were not exhibited by the final enzyme preparation, 
the arylsulphatase activity of which was such that 
3000 yg. of nitrocatechol was liberated in 1 hr. at 
37-5° from 0-008M-nitrocatechol sulphate in the 
presence of 0-5m-acetate buffer, pH 6-0, by an 
enzyme solution containing 1 mg. protein. The 
corresponding enzyme of ox-liver prepared accord- 
ing to the directions of Roy (1954) also showed 
anomalous kinetics which, however, still persisted 
after a further fifteen-fold purification. 

An examination of the variation of the Michaelis 
constant (K,,) with pH, when interpreted according 
to the rules of Dixon (1953), showed the presence in 
the enzyme molecule of an ionizing substrate- 
binding group with pK in the region of 5-7. Although 
the K,, of the enzyme remained constant over the 
PH range 5-0—5-7, there was a twofold increase in 
the maximum velocity (V,,,,=k,e) over this 
range. It can therefore be assumed that the reaction 
at the specific substrate-binding site of the enzyme, 
resulting in the formation of the enzyme-substrate 
complex, is independent of the subsequent reaction 
of the substrate with the catalytic site(s) of the 


enzyme (cf. Hammond & Gutfreund, 1955). Infor- 
mation regarding the nature of the catalytic site(s) 
of the enzyme has been obtained from a study of the 
variation of V,,,,. with pH (cf. Alberty & Massey, 
1954). The results indicate the presence of a 
catalytic site with pK in the region of 5-2 and also 
suggest that the ionization of the free phenolic 
group of nitrocatechol sulphate influences the 
breakdown of the enzyme-substrate complex. 

It is now clear that the mechanism of action of 
human arylsulphatase B (a type II arylsulphatase, 
see Dodgson, 1956) is quite different from that of the 
arylsulphatase of Alcaligenes metalcaligenes (a typeI 
arylsulphatase ; see Dodgson, Spencer & Williams, 
1955, 1956). 


One of us (C.H.W.) is grateful for financial assistance 
from the British Empire Cancer Campaign. 


REFERENCES 


Alberty, R. A. & Massey, V. (1954). Biochim. biophys. acta, 
13, 347. 

Dixon, M. (1953). Biochem. J. 55, 161. 

Dodgson, K. 8. (1956). Colloque sur la Biochimie du Soufre, 
Roscoff, p. 123. Editions du Centre National de la 
Recherche Scientifique. 

Dodgson, K. S., Spencer, B. & Williams, K. (1955). 
Biochem. J. 61, 374. 

Dodgson, K. 8., Spencer, B. & Williams, K. (1956). 
Biochem. J. 64, 216. 

Hammond, B. R. & Gutfreund, H. (1955). Biochem. J. 61, 
187. 

Roy, A. B. (1954). Biochem. J. 57, 465. 


The 
i= n 
2 sulp 
pol 
Tha 
deg 
acid 
men 
sulp 
q spec 
Mey 
bact 
to 
(Lin 
4 sulp 
4 unle 
q milc 
case 
> unsé 
Lin] 
& 1 
‘che 
cont 
can 
prio 
bee1 
whi 
a sulp 
of 
yiel 
Me! 
In 
labc 
chle 
= 7% 
nitr 
1951 
met 
nitr 
429 
thes 
ized 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 45P 


The Degradation of Chondroitin Sulphate by the Chondroitinase of Proteus vulgaris. By 
A. G. Luoyp and K. 8. Dopeson. (Department of Biochemistry, University of Wales, Newport Road, 


Cardiff) 


On the basis of their action towards chondroitin 
sulphate and hyaluronic acid, two types of amino- 
polysaccharase systems have been differentiated. 
That of mammalian origin, testicular hyaluronidase, 
degrades both chondroitin sulphate and hyaluronic 
acid to yield two series of oligosaccharides, the 
members of which have the same repeating units 
as the original polymers, i.e. N-acetylchondrosin 
sulphate and WN-acetylhyalobiuronic acid _re- 
spectively (Schiitte & Greiling, 1955; Hoffman, 
Meyer & Linker, 1956). On the other hand, the 
bacterial hyaluronidases degrade hyaluronic acid 
to yield a series of unsaturated uronides, the 
principal member of the series being a disaccharide 
(Linker, Meyer & Hoffman, 1956). Chondroitin 
sulphate is not attacked by the bacterial enzymes 
unless the ester sulphate groups are first removed by 
mild acid hydrolysis (Linker et al. 1956), in which 
case the products of the enzymic degradation are 
unsaturated uronides analogous to those produced 
from hyaluronic acid (see Meyer, Davidson, 
Linker & Hoffman, 1956). 

Previous work from these laboratories (Dodgson 
& Lloyd, 1957a,b) has demonstrated that the 
‘chondroitinase’ system of Proteus vulgaris, in 
contrast to other bacterial aminopolysaccharases, 
can degrade cartilage chondroitin sulphate without 
prior removal of ester sulphate groups. It has now 
been shown that, in the presence of 0-2 M-phosphate, 
which completely inhibits the associated chondro- 
sulphatase, exhaustive degradation of small amounts 
of chondroitin sulphate by Proteus chondroitinase 
yields a single component. This component has been 


isolated from the incubation mixture by a procedure 
involving chromatography on carbon columns. The 
product moved as a single spot on paper chromato- 
grams and contained approximately equimolar 
amounts of uronic acid, hexosamine and ester 
sulphate. The material gave positive tests for the 
presence of an N-acetyl group, but no evidence of 
unsaturation could be obtained. On the basis of 
these and other results the product is tentatively 
assumed to be N-acetylchondrosin sulphate. When 
chondroitinase action is not allowed to proceed to 
completion a series of oligosaccharides is obtained, 
the principal member being identical with the single 
component obtained by exhaustive degradation. 

Proteus chondroitinase thus provides us with the 
first example of a bacterial aminopolysaccharase 
which will degrade chondroitin sulphate in a manner 
analogous to the enzyme system of mammalian 
origin. 

One of us (A.G.L.) is grateful for an M.R.C. studentship. 
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Mercapturic acid Formation from Monohalogenonitrobenzenes in the Rabbit. By H. G. Bray 
and Syspit P. James. (Physiology Department, Medical School, University of Birmingham) 


In a study of acetyleysteyldehalogenation in this 
laboratory it was found that o- and p-, but not m-, 
chloronitrobenzenes formed small amounts (up to 
7% of the dose) of the corresponding N-acetyl-S- 
nitrophenyl-L-cysteines (Bray, James & Thorpe, 
1956). An investigation has now been made of the 
metabolism of the fluoro-, bromo- and _ iodo- 
nitrobenzenes. Of these o-bromo-, o-iodo- and o- and 
p-fluoro-nitrobenzenes form mercapturic acids (15— 
42% of dose) by the replacement of the halogen: 
these metabolites have been isolated and character- 
ized. p-Bromo- and p-iodo-nitrobenzenes form 


small amounts of mercapturic acids but these have 
not yet been isolated. There was no evidence of 
mercapturic acid formation from the meta deriva- 
tives. Other metabolites identified were the 
corresponding anilines (5-20 % of dose) and phenols 
formed chiefly by hydroxyldeprotonation, some of 
which have been isolated. Paper chromatography 
suggests that little, if any, hydroxyldehalogenation 
occurs. 
REFERENCE 
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cycloHexane and cyclohexanol have a variety of 
industrial uses, but no serious ill-effects from their 
use have been. reported (Browning, 1953). The 
metabolic fate of these compounds, however, is not 
known, although Filippi (1914) claimed that cyclo- 
hexanone and adipic acid were metabolites of 
cyclohexane in the rabbit, whilst Bernhard (1937) 
and Weitzel (1950) could find no excretory products 
of cyclohexanol in the dog. 

cycloHexane (B.P. 81—83°; 0-4 g./kg.) containing 
4C was administered orally to rabbits and, in 
48 hr., roughly a half of the radioactivity appeared 
in the expired air and a half in the urine. In one 
experiment, for example, 55 % of the radioactivity 
appeared in the urine, 35 % in the expired air and 
3% was left in the tissues in 48 hr. after dosing. 
Conjugated glucuronic acid corresponding to 
30-50 % of the dose was excreted in the urine from 
which a glucuronide was isolated and identified 
as cyclohexyl glucosiduronic acid (isolated as the 
triacetyl methyl ester, m.p. 139° and [«], —35-7° (in 
CHCI,)) (Found: C, 54-7; H, 6-9. C,gH,,O,) requires 
C, 54-8; H, 6-8%). The main constituent of the 
radioactive material in the expired air was un- 
changed cyclohexane, but 10% of the dose was 
present as CO,. cycloHexanol and cyclohexanone 
were not found in the breath. The urinary meta- 
bolites were cyclohexanol (41%), trans-cyclo- 


* On leave from the University of Malaya, Singapore. 


The acyl phenones (C§H;COR; where R is CH;, 
C,H; and n-C,H,) are mainly metabolized by re- 
duction to secondary carbinols (Smith, Smithies & 
Williams, 1954) and to a small extent by loss of the 
alkyl group to yield benzoic acid which is excreted 
as hippuric acid (El Masry, Smith & Williams, 
1956). It is now shown that benzophenone 
(C,H,COC,H,) is also reduced in the rabbit, yielding 
benzhydrol which is excreted as a labile glucuronide 
(isolated as methyl (diphenylmethyl-tri-O-acetyl B-p- 
glucosid)uronate, m.p. 152° and [a]7}—108° (in 
CHCI,) (Found: C, 62-2; H, 5-8. C.,H,,0,) requires 
C, 62-4; H, 5-7%). The same glucuronide was 
obtained on administration of benzhydrol. The 
glucuronic acid conjugation of benzhydrol was 
48-77 % of the dose and of benzophenone, 46-61 %, 
but neither compound increased ethereal sulphate 
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The Metabolism of [*C]cycloHexane and cycloHexanol. By T. H. Exxiorr,* D. V. Parke and 
R. T. WituiaMs. (Department of Biochemistry, St Mary’s Hospital Medical School, London, W. 2) 


hexane-1:2-diol (8-5%) and _ cis-cyclohexane-1:2. 
diol (1%) which were conjugated. cycloHexanone 
(3-5 %) was found after acid hydrolysis derived pos. 
sibly from conjugated A!-cyclohexenol. Although 
the presence in the urine of A?-cyclohexenol was 
suspected, this has yet to be proved definitely, 
trans-cycloHexane-1:3- and -1:4-diols, cyclohexane. 
1:2-dione, adipic, succinic, malonic and oxalic 
acids were not found, and there was no evidence of 
aromatization. 

[“C]eycloHexanol (B.P. 161—-163°; 0-25 g./kg.) 
was mainly converted (60%) to cyclohexyl gluco. 
siduronic acid (isolated as the triacety] methy] ester, 
m.p. and mixed m.p. 139° and [a], —35-6° (in 
CHCl) (Found: C, 55-0; H, 7:0%). About 71% of 
the radioactivity was excreted in the urine in 
48 hr. and one metabolite of cyclohexanol has been 
identified as trans-cyclohexane-1:2-diol (6-6 %). The 
search for other metabolites is being continued. The 
metabolism of cyclohexane in the rabbit thus 
appears to be as follows: 


cyclohexane -> cyclohexanol cyclohexane-1:2-diol. 
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The Metabolism of Benzophenone. By D. Rosinson and R. T. WittiaMs. (Department of Biochemistry, 
St Mary’s Hospital Medical School, London, W. 2) 


output and no hydroxylation of the benzene rings 
was detected. 

p-Hydroxybenzophenone, on the other hand, is 
not reduced in vivo and is almost entirely excreted 
as a stable glucuronide containing the unmodified 
keto group. The isolated p-benzoylphenylglucosid- 
uronic acid had m.p. 156° and [a], —67-5° (in 
EtOH) (Found: C, 53-4; H, 5-5; H,O, 12-6. 
C,,H,,0,,3H,O requires C, 53-5; H, 5-6; H,0, 
12-6%). The glucuronic acid conjugation of this 
phenol was 47-92 % of the dose in the rabbit, but 
ethereal sulphate formation did not occur, despite 
the fact that the compound was a phenol. 

The reduction of benzophenone and the direct 
conjugation of p-hydroxybenzophenone are ex- 
cellent examples of ‘alternative metabolic re- 
actions’. The keto group in benzophenone is meta- 
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bolically unstable and suffers reduction, whereas in 
p-hydroxybenzophenone it is stable because the 
molecule is able to undergo more readily an alter- 
native reaction, namely conjugation. The principle 
of the alternative metabolic reaction has application 
in the design of drugs. 
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Participation of Glyoxylic Acid in Fatty Acid Utilization by a Vibrio. By A. G. CaLLEty, 
S. Dactey and B. Hopason. (Department of Biochemistry, University of Leeds) 


Soluble cell-free extracts were prepared from a 
vibrio grown with forced aeration in media con- 
taining octanoic acid and mineral salts (Dagley, 
1956) and were shown to catalyse the oxidation of 
octanoate to acetate by molecular oxygen; cofactors 
of the ‘fatty acid cycle’ were required for full 
activity. We have now shown that such extracts will 
dissimilate citrate and isocitrate anaerobically to 
glyoxylic and succinic acids and that malic acid, 
identified by Celite chromatography, is produced 
from a reaction mixture of ATP, acetate and 
glyoxylate. Acetate was not oxidized at concentra- 
tions of 2-4um unless ‘sparked’ by fumarate 
additions; but when raised to 30-70 uM the rate of 
oxidation of acetate alone was appreciable and was 
further increased by glyoxylate, although the latter 
as sole substrate was not oxidized. 

Dagley & Patel (1955) isolated and characterized, 
as a derivative, «-oxoglutaric acid excreted by non- 
proliferating suspensions of this organism when 
oxidizing acetate. This work emphasized the need 
for further study of reactions by which cells utilizing 
acetate or higher fatty acids might replenish the 
tricarboxylic acid cycle with C,-dicarboxylic acids. 
The present observations support the recent view 
of Kornberg & Madsen (1957) that this process 
consists of the coupling of isocitritase (Smith & 
Gunsalus, 1954; Saz & Hillary, 1956) with malate 


synthetase (Wong & Ajl, 1956). By measurement 
of the ability of whole cells to synthesize «-oxo- 
glutarate from acetate, Dagley & Patel (1955) 
showed that the ‘priming’ mechanism appeared to 
be under adaptive control since it was only de- 
veloped by cells grown in media supplying acetate 
or higher fatty acids as sole sources of carbon. We 
have now shown that the level of isocitritase 
activity in crude extracts from vibrios grown on 
acetate or octanoate is some ten times greater than 
for cells grown on benzoate, succinate or p-hydroxy- 
benzoate. 


We are greatly indebted to Dr H. L. Kornberg for ac- 
quainting us with work relating to the ‘glyoxylate cycle’ 
before publication. 
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Incorporation of ['*C]Glycine into the Proteins of Subcellular Preparations of Liver, Liver 


Tumour and Regenerating Liver. 


By P. N. CampBELt and OLGA GREENGARD. 


(Courtauld 


Institute of Biochemistry, Middlesex Hospital Medical School, London, W. 1) 


When slices of normal and abnormal liver are 
incubated aerobically with [!4C]glycine, the radio- 
activity of the tissue proteins is in the descending 
order regenerating liver, liver tumour and normal 
liver. When such slices are homogenized after 
incubation, the respective subcellular fractions 
derived from them show characteristic differences in 
their ability to incorporate amino acids (Campbell, 
Greengard & Jones, 1957). Thus, whereas all 
fractions of the regenerating liver attain a higher 


radioactivity than normal liver, the most marked 
increase in liver tumour compared with normal liver 
is in the nuclear fraction. In order to determine 
whether these differences exhibited by whole cell 
preparations are also shown by the corresponding 
fractions of subcellular systems, both whole homo- 
genates and microsome preparations (Zamecnik & 
Keller, 1954) were studied. In order to exclude, as 
far as possible, the variations due to differences in 
the energy supply in the types of tissue studied 
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energy-rich phosphate (ATP phosphoenolpyru- 
vate) was provided in excess (Hultin & Beskow, 
1956). It was hoped that under these conditions 
the rate-determining steps of the amino acid in- 
corporation would be nearer to the process of 
protein synthesis itself. 

When using whole homogenates instead of slices, 
the incorporation of glycine into all fractions of 
tumour tissue is largely lost, while that into those of 
normal liver is merely reduced. In order to investi- 
gate whether the tumour microsomes themselves 
are impaired, microsomal preparations were tested 
and it was found that their ability to incorporate 
radioactivity into their protein was greatly reduced 
as compared with normal liver microsomes. In 
order to eliminate any effect due to the cell fluid, 
tumour microsomes were spun down and resus- 
pended either in a reduced volume of tumour cell 
fluid or in fluid from normal liver cells. In both 
cases a very small increase in activity occurred. 
These results suggest that it is the amino acid- 
incorporating ability of the tumour microsomes 


themselves which is greatly impaired. Experi- 
ments with normal liver microsomes suspended in 
tumour cell fluid indicate that this fraction of the 
tumour tissue also exerts some inhibition on the 
incorporation process. 

When whole homogenates of normal and re. 
generating liver were compared, all fractions of the 
latter incorporated glycine to a greater extent, 
Microsomal preparations of regenerating liver are 
also more efficient in this respect. Thus, in all three 
systems, slices, whole homogenates and micro- 
somal preparations, the amino acid-incorporating 
ability of regenerating liver microsomes is superior 
to that of normal liver microsomes. 
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A Catalytic Action of L-Histidine in Purine Biosynthesis. By K. Burton. (Medical Research 
Council Unit for Research in Cell Metabolism, Department of Biochemistry, University of Oxford) 


A histidine-requiring mutant (B-62) of Escherichia 
coli B was infected with bacteriophage T 2 in growth 
medium consisting of 1% mannitol, 0-1% NH,Cl, 
other inorganic salts and 0-2 mm t-histidine. The 
cells were washed 7 min. later and transferred to 
similar medium containing *SO,?-. In thismedium, 
both deoxyribonucleic acid (DNA) and protein were 
readily synthesized but, if histidine was omitted, 
there was no synthesis of DNA and only a small 
incorporation of *S into protein. The continuous 
addition of suboptimal amounts of histidine 
(12-7 zpmoles/ml./min.) markedly increased the 
incorporation of *S but did not cause any detectable 
synthesis of DNA. When adenine replaced histidine 
there was a synthesis of DNA but only a small 
increase in the incorporation of *S into protein. 
Bacteria that had been infected in the absence of 
histidine required this compound to initiate the 
synthesis of phage DNA even when supplied with 
adenine. 

These findings suggested that histidine is neces- 
sary for the biosynthesis of adenine and that, in 
accordance with previous work (Burton, 1955), the 
initiation of the synthesis of phage DNA required 
the synthesis of protein after infection, although the 
synthesis of DNA became largely independent of 
protein synthesis when this had taken place for 
about 5 min. 

Either hypoxanthine or 4-aminoimidazole-5- 
carboxamide can replace adenine for the synthesis of 
DNA, although glycine or urocanic acid do not. 


Thus the site at which histidine acts is before the 
formation of 4-aminoimidazole-5-carboxamide ribo- 
tide. Histidine is not a precursor of the purines, 
because uniformly labelled [!4CJhistidine does not 
give rise to appreciable labelling in the DNA 
purines. 

More complicated phenomena occur in bacteria 
not infected with phage because, even in the 
presence of adenine, histidine is required for the 
synthesis of bacterial nucleic acid (cf. Pardee & 
Prestidge, 1956; Gros & Gros, 1956). At least 
10 moles of RNA-adenine can be synthesized per 
mole of added histidine. Thus, in agreement with 
the “C experiment, any effect of histidine on the 
synthesis of adenine is a catalytic one. 

Gots & Love (1954) have previously found that 
histidine stimulates the synthesis of 4-amino- 
imidazole-5-carboxamide riboside by a purine- 
requiring Esch. coli (B-96). This finding has been 
re-investigated following the above observations 
with a histidine-requiring mutant. L-Histidine has 
been found to be specifically required in catalytic 
quantities for the formation of the imidazole com- 
pound by strain B-96. 
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Peptide Synthesis Employing p-Nitrophenyl Esters Prepared with the Aid of N,N’-Dicyclo- 


hexylcarbodiimide. 
Research, Mill Hill, London, N.W. 7) 


The use of N,N’-dicyclohexylearbodiimide (DCT) 
to effect condensation of an acyl-amino acid or 
-peptide with an amino acid or peptide ester 
(Sheehan & Hess, 1955; Sheehan, Goodman & Hess, 
1956) is well established. It has, however, been 
shown (Khorana, 1955) that, by re-arrangement of 
the C-acyl intermediate, an N-acylurea may be 
formed as a by-product. The desired reaction may 
be favoured by using an excess of amino acid or 
peptide ester, but for practical reasons this is often 
undesirable. 

In the course of work directed towards the syn- 
thesis of the pressor decapeptide hypertensin 
(Peart, 1956; Elliott & Peart, 1957) we had occasion 
to consider the use of p-nitrophenyl esters as 
reactive intermediates (Bodansky, 1955). Published 
methods for making such esters (Iselin, Rittell, 
Sieber & Schwyzer, 1957) involve the use of reagents 
which are not commercially available, and it 
seemed likely that DCI, which may be purchased in 
a satisfactory state of purity, might be employed 
as a condensing agent for their preparation. We 
have found that DC! readily effects condensation of 
an N-acyl-amino acid or -peptide with p-nitro- 
phenol. The ‘activated ester’ thus formed may then 
be treated, without isolation, with a solution of free 
amino acid (Bodanszky, Szelke, Témérkény & 
Weisz, 1955) at a suitable pH, and the required 
product isolated by acidification and extraction. In 
this way the following N-acyl peptides have been 
prepared: carbcbenzoxy-f-benzyl-L-«-aspartyl-L- 
arginine; 
arginyl-L-valine; 
L-valyl-L-histidine. 


By D. F. Ettiotr and D. W. Russe tu. 


(National Institute for Medical 


In order to discover whether the method effected 
any racemization, the protected L-aspartyl-L- 
arginine was hydrogenated and hydrolysed, and 
L-aspartic acid isolated by ion-exchange chromato- 
graphy. Its specific rotation, after allowing for 
racemization during hydrolysis (Camien & Dunn, 
1956) showed it to be not more than 3 % racemized. 

It is suggested that the synthetic method out- 
lined combines the simplicity of the carbodiimide 
method with the advantage possessed by the p- 
nitrophenyl ester method of employing free amino 
acids in place of their esters. Other advantages 
include the possibility of minimizing acylurea 
formation by using excess p-nitrophenol, and the 
ease with which the product, with its free carboxy] 
group, may be separated from the neutral N-acyl 
and N,N’-dicyclohexyl ureas (cf. Sheehan & 
Hlavka, 1956). 
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Biochemistry of Diisopropylphosphorofluoridate Poisoning in the Adult Housefly. By 
F. P. W. WintertncHam, A. Harrison, M. A. McKay and A. WEATHERLEY. (Department of 
Scientific and Industrial Research, Pest Infestation Laboratory, Slough, Buckinghamshire) 


The carbon-14 of intrathoracically-injected sodium 
[2-4C]acetate is rapidly incorporated into certain 
free amino acids and acetylcholine of the adult 
housefly, Musca domestica L., in vivo. The distribu- 
tion of “C between the identified amino acids, 
acetylcholine and other fractions has been deter- 
mined by radio paper-chromatographic techniques 
(Winteringham, 1956). Exposure of the insect to 
a lethal dose of ditsopropylphosphorofluoridate 
(DFP) caused only a temporary increase in the 
[4C]acetylcholine fraction of the head tissues and 
a delayed but sustained increase in the ['C]- 


glutamine fraction of the thoracic tissues. Collapse 
of the insect was not related to failure of respiration 
which was in fact stimulated (Winteringham & 
Harrison, 1956). The accumulation of thoracic 
glutamine has been confirmed chemically. Lewis & 
Fowler (1956), using a pharmacological technique, 
actually found a fall in the acetylcholine of the head 
with a corresponding appearance of acetylcholine in 
the abdominal tissues, despite evidence that DFP is 
an effective inhibitor of insect acetylcholinesterase in 
vitro but is ineffective against insect choline acetylase 
in vitro (S. E. Lewis, private communication). 
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It has been shown that DFP may considerably 
reduce the rate of [#4#C]acetylation of choline by the 
insect in vivo. This suggests that acetylcholine 
synthesis is regulated indirectly in vivo by the acetyl- 
choline utilization and accounts for the failure of 
acetylcholine to accumulate rapidly in the tissues of 
the DFP-poisoned housefly. 

The stimulated respiration and glutamine accu- 
mulation indicate possibly fatal biochemical lesions 
in addition to that of cholinesterase inhibition in the 
DFP-poisoned insect. This view is supported by the 
fact that massive doses of pyridine-2-aldoxime 
methiodide (PAM) failed to protect the DFP- 
treated fly from the stimulated respiration and some 
delayed lethal effect, although it protected the 
insect from the typical paralysis. The same dose of 
PAM alone had no toxic effects on the insect. It is 
a potent reactivator of inhibited mammalian 
cholinesterase in vitro and in vivo and will protect 
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mammals from otherwise lethal doses of DFP 
(Childs, Davies, Green & Rutland, 1955; Holmes & 
Robins, 1955; Kewitz, Wilson & Nachmansohn, 
1956). 


This communication is made with the permission of the 
Department of Scientific and Industrial Research. 
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DEMONSTRATION 


A Solenoid-operated Fraction Collector. By D. 


Institute, University College, Cardiff) 


The instrument has a 50-place circular test-tube 
holder which is mounted on a central column pro- 
jecting from a metal base. At the bottom of the test- 
tube holder is fixed a circular ratchet wheel with 
50 teeth, which engages with another identical 
ratchet wheel. This latter is freely movable on the 
column and is held in apposition to the former by a 
spring, and is actuated by the solenoid. When an 


H. Brown, A. L. Sims and 8. L. Stone. (Physiology 


electrical pulse is delivered to the solenoid the 
bottom wheel ratchets around one notch, and when 
the pulse terminates the two wheels move together 
a fixed distance, to bring the next test tube under 
the chromatograph column. 

The electrical impulse to the solenoid is provided 
by a simple adjustable electronic timer which can 
deliver pulses at every 0-5—10 min. 
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The 363rd Meeting of the Biochemical Society was held in the Department of Chemistry of King’s College 
(University of Durham), Newcastle upon Tyne, on Friday, 28 June 1957, at 11.15 a.m., when the following 


papers were read : 


COMMUNICATIONS 


Biosynthesis of Cholesterol in vivo and in vitro from DL-@-Hydroxy-$-methyl-8-[2-"“C]- 
valerolactone. By R. G. Goutp* and G. PopsAK. (M.R.C. Experimental Radiopathology, Research 
Unit, Hammersmith Hospital, Ducane Road, London, W. 12) 


Biosynthesis of cholesterol from [2-14C]mevalonic 
acid lactone by rat-liver preparations has been 
reported recently by Tavormina, Gibbs & Huff 
(1956) to proceed in far greater yield than from 
acetate or from any small branched-chain acid 
precursor. These results have been confirmed and the 
efficient synthesis of squalene also from the lactone 
has been shown (Cornforth, Cornforth, Popjaék & 
Youhotsky-Gore, 1957). 

One hour after intraperitoneal injection of 
pi[2-4C]mevalonic lactone into a mouse 23 % of the 
MC was present in liver cholesterol, 14% in carcass 
cholesterol, and about 10% in respiratory CO,. 
About one-half of the 4C was recovered from urine 
within 4 hr. after injection into rats, supporting the 
suggestion of Tavormina et al. (1956) that only one 
enantiomorph is utilized. 

Liver slices were also able to use the lactone for 
sterol synthesis, but homogenates prepared accord- 
ing to Bucher & McGarrahan (1956) were more 
active than slices. The supernatant resulting from 
centrifugation at 700 g of the homogenate from 1 g. 
of liver converted 0:25-0:50 umole of mevalonic 
lactone into cholesterol in 3 hr. Addition of DPN 
to the homogenates was not required but the 
presence of nicotinamide in the buffer used for 
homogenizing was essential. Full enzymic activity 
was retained in the supernatant after centrifugation 
at 20 000g showing that neither mitochondria nor 
heavy microsomes are needed. Between 20 000 
and 104 000g the sterol-synthesizing system dis- 

* U.S. Public Health Service Fellow working at the 
Experimental Radiopathology Research Unit. 


appears from the supernatant more rapidly than 
the squalene-synthesizing system. The supernatant 
after centrifugation at 104 000g (Sjo4) could still 
synthesize a little squalene but not sterol. Full 
synthetic ability was restored by the addition of 
washed ‘light’ microsomes to the Sjo,. 
Homogenates from livers of rats which had 
received 2400R of whole-body X-irradiation 48 hr. 
previously showed a much greater incorporation of 
[carboxyl-4Clacetate into cholesterol than those 
from control animals, but no significant difference 
was observed in the conversion of [2-!4C]mevalonic 
lactone by the two types of preparations. 
Furthermore, homogenate from livers of chol- 
esterol-fed rats showed no change in the efficiency 
of conversion of mevalonic lactone into cholesterol 
although it is well known that cholesterol synthesis 
from 4C-acetate is much depressed in liver slices 
from cholesterol-fed animals. This evidence suggests 
that the physiological regulation of the rate of 
cholesterol synthesis is concerned with one or more 
of the steps between acetate and mevalonic lactone. 


We wish to thank Dr Rita Cornforth for the synthesis of 
DL{2-4C]mevalonic lactone. 
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A Substance containing Glycerophosphate and Ribitol Phosphate Residues in Lactobacillus 
arabinosus. By J. Bappitry, J. G. BucHANAN and G. R. GREENBERG. (King’s College, University 


of Durham, Newcastle upon Tyne) 


Two nucleotides present in extracts of L. arabinosus 
17-5 have been shown to be derivatives of cytidine- 
5’ pyrophosphate. In one of these (CDP-glycerol) 
the pyrophosphate group is attached to glycerol in 
the L-« position (Baddiley, Buchanan, Mathias & 
Sanderson, 1956) and in the other (CDP-ribitol) it is 


attached to ribitol in the p-5 position (Baddiley, 
Buchanan, Carss & Mathias, 1956; Baddiley, 
Buchanan & Carss, 1957a). We considered that 
these nucleotides might function in either trans- 
formations or transfer processes involving glycero- 
phosphate and ribitol phosphate. Consequently, 
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the possible existence in the organisms of polymeric 
substances containing glycerophosphate and/or 
ribitol phosphate residues was investigated. 

The fresh cells were found to contain a substance, 
probably of high molecular weight, which contains 
both glycerophosphate and ribitol phosphate 
residues. It was isolated as a white solid which 
dissolved in water to give a translucent and some- 
what viscous solution, and which was precipitated 
by adding an equal volume of alcohol. The repre- 
cipitated material contained a trace of ribonucleic 
acid and a small amount of a water-soluble poly- 
saccharide. The main component, however, was an 
acid which yielded on hydrolysis in hydrochloric 
acid the following compounds (identified by paper 
chromatography): inorganic phosphate, glycerol, 
glycerophosphates, a diphosphate of glycerol, 
1:4-anhydroribitol, and 1:4-anhydroribitol phos- 
phate. 

These products would be expected to arise from 
an unspecific acid-catalysed hydrolysis of a polymer 
in which glycerol and ribitol residues ‘are joined 
together by secondary phosphate groups. The 
presence of B-hydroxyl groups on both alkyl sub- 
stituents of a secondary phosphoric ester would 
facilitate acid hydrolysis of either ester linkage. 
Thus, a linear polymer containing polyol residues 
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joined through secondary phosphate groups would 
be expected to give rise to free polyols in addition to 
their mono- and diphosphates on acid treatment, 
Ribitol and its phosphates arising in this way would 
be unstable under the experimental conditions 


employed and would be converted into anhydro.. 


ribitol and its phosphate (Baddiley, Buchanan & 
Carss, 1957a, b). 

It is not known yet whether the small amount of 
polysaccharide in our preparation is in chemical 
combination with the polymer; also whether 
ribitol and glycerol are present in a mixed polymer, 

The enzymic synthesis of this compound may be 
visualized as a successive transfer of glycerophos. 
phate or ribitol phosphate residues from the two 
nucleotides to hydroxyl groups in the polyol 
phosphate chain. 
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Observations on the Distribution of Glucuronide Synthesis in Tissues. By G. J. Durron and 
C. G. Greic. (Department of Biochemistry, Queen’s College, Dundee (University of St Andrews)) 


Various animal tissues were examined for the 
presence of uridine diphosphate glucuronic acid 
(UDPGA) and its associated glucuronyl trans- 
ferring enzyme, with o-aminophenol and (-—)- 
menthol as substrates (Dutton & Storey, 1954; 
Storey & Dutton, 1955; Dutton, 1956). Guinea-pig, 
rabbit, mouse and rat liver contained decreasing 
amounts of enzyme and possibly of nucleotide. This 
corresponds to the respective increase in these 
species’ susceptibility to azocarcinogens (possibly due 
to decreasing detoxication with glucuronic acid) 
reported by Kensler & Hyatt (1956); any enzymic 
conjugation of carcinogens excreted. as N-gluc- 
uronides (Boyland, Manson & Orr, 1957) is probably 
also due to the system studied (Axelrod, Inscoe & 
Tomkins, 1957; Dutton, unpublished work). 

The enzyme was present in liver homogenates of 
sheep, pigeon and frog, but virtually absent from 
that of cat; cat-liver slices also gave negative results 
(see Hartiala, 1955). UDPGA itself was found in cat 
liver together with a heat-labile inhibitor of o- 
aminophenylglucuronide synthesis. No _ gluc- 
uronides could be isolated from the urine of cats fed 
various glucuronidogenic substances (Professor 
R. T. Williams, private communication). 

UDPGA level was low, and enzyme activity 


absent, in homogenates of guinea-pig uterus, 
placenta (various ages) and of the livers of early 
guinea-pig foetuses and newborn mice. Levels rose 
considerably in full-term guinea-pig foetuses, and 
in mice reached adult value within 3—4 weeks; no 
inhibitor of adult synthesis was present. Slice 
results were similar, supporting earlier work 
(Karunairatnam, Kerr & Levvy, 1949; Hartiala & 
Pulkkinen, 1955). Saccharolactone addition (Levvy, 
1952) did not increase homogenate synthesis ; so the 
high infant level of 8-glucuronidase (Karunairatnam 
et al. 1949) is not responsible. Such apparent de- 
pendence on the maternal enzyme is noteworthy, 
and recent work concerning the formation of 
bilirubin glucuronide will be mentioned (Billing, 
Cole & Lathe, 1957). 

Gut homogenates from various animals gave 
evidence of neither UDPGA nor enzyme, but 
yielded a heat-labile inhibitor of liver o-amino- 
phenyl-glucuronide synthesis, unaffected by sac- 
charolactone. A similar inhibitor was found in 
kidney homogenates, inhibition occurring by 
competition for UDPGA. 

We thank Professors E. Boyland and R. T. Williams for 
gifts of compounds and much helpful information, and the 
Medical Research Council for a grant. 


& Axel 
Billir 
| 
Boy! 
Dutt 
Ider 
The 
othe 
extr 
incu 
re 
pre} 
3401 
pho 
4 | 
of 
viol 
indi 
foll« 
i 
disa 
nos. 
: 49- 
84 - 
133 
solu 
Sta 
a acti 


PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


REFERENCES 


Axelrod, J., Inscoe, J. K. & Tomkins, G. M. (1957). Nature, 
Lond., 179, 538. 
Billing, B. H., Cole, P. G. & Lathe, G. H. (1957). Biochem. J. 


53P 


Hartiala, K. J. V. (1955). Ann. Med. Exp. Fenn. 33, 239. 

Hartiala, K. J. V. & Pulkkinen, M. (1955). Ann. Med. Exp. 
Fenn. 38, 246. 

Karunairatnam, M. C., Kerr, L. M. H. & Levvy, G. A. (1949). 
Bioch J. 45, 496. 


65, 774. 

Boyland, E., Manson, D. & Orr, S. F. D. (1957). Biochem. J. 
65, 417. 

Dutton, G. J. (1956). Biochem. J. 64, 693. 

Dutton, G. J. & Storey, I. D. E. (1954). Biochem. J. 87, 275. 


Kensler, C. J. & Hyatt, M. (1956). Abstr. Commun. XXth 
Int. Physiol. Congr., Brussels, p. 493. 

Levvy, G. A. (1952). Biochem. J. 52, 464. 

Storey, I. D. E. & Dutton, G. J. (1955). Biochem. J. 59, 
279. 


Identification of 178-Hydroxy-[4-“C]androst-1-ene-3-one as a Product of the Incubation of 
[4-"C]Testosterone with Human Prostatic Tissue. By P. Ornsr, E. E. Smaxuta, H. H. Woriz, 
H. M. Lemon and H. Mescon. (Departments of Medicine and Dermatology, Boston University School 
of Medicine, and Massachusetts Memorial Hospitals, Boston, Massachusetts) 


The presence of testosterone dehydrogenase (Sweat, 
Samuels & Lumry, 1950) in a wide variety of tissues 
other than liver and kidney (Wotiz & Lemon, 1954) 
suggests that metabolically labile transformation 
products may accumulate in incubated digests of 
extra-hepatic tissues. 

Aqueous solutions of [4-'C]testosterone were 
incubated with minces of human prostatic tissue 
(benign prostatic hypertrophy). Extracts were 
prepared after pooling the boiled digests of ten 
flasks, each containing buffer (KH,PO,-Na,HPO,, 
pH7-4; 40ml.), purified [4-'C]testosterone (280 yg. ; 
3400 counts/minute at infinite thinness), diphos- 
phopyridine nucleotide, nicotinamide and penicillin 
G. The incubation (1 hr.) procedure and the method 
of preparing extracts for column partition chro- 
matography on Hyflo-Supercel have been pre- 
viously reported (Ofner, 1955). 

The extent of transformation and the yields of 
individual products varied considerably. The 
following data apply to the experiment in which 
disappearance of substrate was greatest (94% 
as compared with 27% for the boiled control). 
A portion (15 630 counts/min.) of the purified 
extract was applied to the column, and eluates 
(1 ml.) combined as follows (activities in counts/ 
min. in parentheses): cyclohexane, fraction 1, tube 
nos. 4-15 (2100); fraction 2, 16-24 (575); fraction 3, 
25-41 (1640); fraction 4, 42-48 (280); fraction 5, 
49-64 (1410); fraction 6, 65-83 (800); fraction 7, 
84-108 (800); methylene chloride, fraction 8, 109- 
133 (3800), methanol, fraction 9 (580). 


Fraction 5 contained residual testosterone. 
Rechromatography of fraction 3 demonstrated 
separation of the radioactivity peak (tube nos. 32/ 
33) from the u.v. absorption peak of 17«-hydroxy- 
androst-4-ene-3-one (tube no. 39), and coincidence 
with that of 178-hydroxyandrost-1-ene-3-one (tube 
no. 31) prepared by the reaction of N-bromo- 
succinimide with 3:17 8-diacetoxyandrost-2-ene (cf. 
Rubin & Armbrecht, 1953). Synthetic 17£- 
hydroxy-5f-androst-l-ene-3-one was readily separ- 
ated from the 5«-isomer and was recognized on a 
paper chromatogram of the original extract, al- 
though not conclusively identified. Fraction 1 
contained saturated ketone (thiosemicarbazone, 
Amax, 270 mp), androst-1-ene-3:17-dione, and an- 
drost-4-ene-3:17-dione. Part of fraction 8 resisted 
acetylation. 

Conversion of [4-'C]testosterone to 
by bacterial 
contaminants followed by tissue reduction to the 
isomeric A!-3-ketones cannot be excluded at this 
time. 


We thank Mrs P. Morley for technical assistance. 
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The Uptake of Vitamin B,, by Rat-liver Slices. By A. L. Larner and LAuREEN Raine. (Department 
of Pathology, King’s College, University of Durham, in the Royal Victoria Infirmary, Newcastle upon 


Tyne) 
Slices of rat liver were immersed in phosphate buffer 
solutions with added glucose (Umbreit, Burris & 
Stauffer, 1949) containing 5000 pyg./ml. of radio- 
active vitamin B,,. After 30 min. at 36-5° with 
shaking and oxygenation the slices were removed, 


rapidly washed in buffer, blotted with filter paper 

and dried at 120° overnight. Each portion of liver 

was now dissolved in cone. H,SO, and the volume 

made up to 10 ml. with water. The y-ray activity of 

the solution was measured in a scintillation counter. 
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The results were expressed in counts/min./mg. dry 
weight of liver. (Mean of six observations = 165; 
S.E.M. = 9-1.) The observations were repeated using 
high concentrations of pseudovitamin B,, in addition 
to the radioactive cyanocobalamin. There was no 
effect on the uptake of vitamin in the presence of 
the vitamin B,. analogue. This would seem to 
indicate that the uptake by liver slices is highly 
specific for cyanocobalamin. This was different 
from the results we obtained with sacs of everted 
rat upper small intestine (Wilson & Wiseman, 1954) 
in which the uptake by the mucosa showed two 
components, one inhibited by pseudovitamin B,, 
and another which was highly specific and un- 
affected by the analogue. 

In confirmation of the work of Miller, Raney & 
Hunter (1957) it has been demonstrated that the 
addition of a highly potent pig intrinsic factor 
concentrate increased the uptake of the vitamin by 
the liver slices, the increase being quite significant 
(Mean of six observations=239; s.E.m.=18-6; 
t=3-1; P=0-01). Pseudovitamin B,., however, 
when added in high concentration prevented this 
increased uptake. It would thus appear that the 
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increase with intrinsic factor is not necessarily 
specific for cyanocobalamin. 

Using sacs of everted rat intestine, the mucosal 
uptake of the vitamin was inhibited by the intrinsic 
factor concentrate. This may mean that the action of 
intrinsic factor on liver slices is different from its 
action on intestinal mucosa, especially in view of the 
fact that pseudovitamin B,, does not affect the 
intestinal absorption of cyanocobalamin in man 
(Bunge, Schloesser & Schilling, 1956). 

We wish to thank Dr E. Lester Smith, F.R.S., for the 
radioactive vitamin B,,, and Dr J. J. Pfiffner for the 
pseudovitamin B,,. One of us (L.R.) is working under the 
tenure of a Senior Luccock Fellowship. 
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The use of Starch Gel Electrophoresis in the Study of B,, Binding by Serum Proteins. By 


A. L. LatnerR and ANGEL Zaki. 


(Department of Pathology, King’s College, University of 


Durham, in the Royal Victoria Infirmary, Newcastle upon Tyne) 


Using paper strip electrophoresis it has already been 
shown that the major binding of vitamin B,, by 
serum proteins occurs in the «-globulin region 
(Latner, Raine, Ross & Ungley, 1952; Pitney, 
Beard & Van Loon, 1954). Since for this purpose 
this technique is rather crude, we thought it might 
be advisable to try the application of starch gel 
electrophoresis (Smithies, 1955) to the same problem. 
This procedure successfully subdivides «,-globulin 
into a number of fractions, but the «,-globulin is 
probably buried in the albumin band. 

Serum was mixed with radioactive cyano- 
cobalamin and subjected to electrophoresis in a 
starch strip 4cem. wide and 0-6cm. thick. Two 
strips were used for each serum specimen and the 
total amount of serum required for electrophoresis 
examination was approximately 0-5 ml. The tech- 
nique of Smithies (1955) was somewhat modified in 
so far as a closely fitting strip of cartridge paper was 
inserted into the bottom of the tray before pouring 
the starch gel. This enabled us after completion of 
the electrophoresis to remove the block of gel and by 
means of a thin wire to cut a very thin slice still 
adherent to the cardboard. This was now stained 
with Naphthalene Black (I.C.I.) to visualize the 
position of the various bands. The cartridge paper 


prevented any shrinkage during staining. By super- 
imposition on the remainder of each corresponding 
block it was easy to determine the position of the 
actual bands of protein. These were now carefully 
cut out and placed into small specimen jars of 
identical dimensions. Each sample of gel was 
mascerated with a spatula to form a thin layer and 
counted in a scintillation counter. 

Although radioactivity was associated with a 
number of protein bands, the total count with the 
«B-globulins was the highest demonstrated. In 
view of the fact that the concentration of these 
fractions is so low, the amount of vitamin By 
bound per unit weight is very much higher than with 
any other fraction. This might indicate a possible 
physiological importance of the «8-globulins in the 
carriage of vitamin B,, in the serum. 

We wish to thank Dr E. Lester Smith, F.R.S., fur the 
supply of radioactive vitamin B,,. 
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Determination of Glucosamine. By J. G. Kraan and HELEN Muir.* (Postgraduate Medical School, 


Ducane Road, London, W. 12) 


Many attempts have been made to improve the 
Elson & Morgan (1933) method for estimating 
hexosamine, but Rondle & Morgan (1955) have 
pointed out that their simple procedure is satis- 
factory if followed rigidly. Nevertheless, variations 
between estimations in the slope of the line 
logy) 1/Ip x concn.—! suggest that conditions are not 
optimal. Blix (1948) and Belcher, Nutten & 
Sambrook (1954) have studied the effect of changing 
conditions successively, but they are interde- 
pendent. All possible combinations have not been 
studied. We have found that application of the 
following modification of the procedure of Rondle & 
Morgan (1955) gives twice the optical density for the 
same quantity of hexosamine. The mean of the 
slopes of the straight-line equations obtained by 
taking least mean squares, using 10-50 yg./ml. of 
glucosamine, is 0-996 for 1 cm. cells. The slopes of 
the straight lines obtained varied between 1-05 and 
0-950. The mean of the intercepts on the ordinate 
was 0-0084 with a range of — 0-046 to 0-0316. 

The apparatus as described by Hewitt (1938) was 
used. Fractionated acetylacetone (b.p. 138-140°) 
was stored at — 10°. Small samples were redistilled 
under reduced pressure and stored at 0° for not 
more than 2 weeks. Immediately before use 1 ml. 
was dissolved in 25 ml. of N-Na,CO,. Ehrlich’s 


* Empire Rheumatism Council Fellow. 


reagent was prepared by dissolving 0-8 g. of p- 
dimethylaminobenzaldehyde (AnalaR), purified as 
described by Rondle & Morgan (1955), in 15 ml. of 
cone. HCl and 15 ml. of ethanol (Burroughs R.R. 
grade). From a stock standard solution in saturated 
aqueous benzoic acid substandards containing 
10-50 pg./ml. of glucosamine were prepared. These 
were stable for 2 weeks when stored at 4°. In our 
procedure, 2ml. of acetylacetone reagent was 
added to 1 ml. of test solution and the procedure of 
Rondle & Morgan (1955) followed. No appreciable 
change in volume occurred if the test tubes of water 
in Hewitt’s (1938) apparatus remained in place 
during the whole operation, thus dispensing with 
graduated tubes. Six ml. of ethanol was added, 
followed by 1 ml. of Ehrlich’s reagent, making the 
final volume 10ml. The colour intensity was 
maximal at 530 my. 


REFERENCES 


Belcher, R., Nutten, A. J. & Sambrook, C. M. (1954). 
Analyst, 79, 201. 

Blix, G. (1948). Acta chem. Scand. 2, 467. 

Elson, L. A. & Morgan, W. T. J. (1933). Biochem. J. 27, 
1824, 

Hewitt, L. F. (1938). Biochem. J. 32, 1554. 

Rondle, C. J. M. & Morgan, W. T. J. (1955). Biochem. J. 61, 
586. 


The Urinary Excretion of Premercapturic Acids. By R. H. Knicur and L. Youne. (Department of 
Biochemistry, St Thomas’s Hospital Medical School, London, S.E. 1) 


In their original accounts of the isolation of mer- 
capturic acids from the urine of animals dosed with 
bromobenzene and chlorobenzene, Baumann & 
Preusse (1879) and Jaffé (1879) reported that these 
acids were, for the most part, not present in the 
urine in the free state or as salts, but were liberated 
from unknown substances when the urine was 
treated with mineral acid. These observations have 
recently been confirmed and extended by Boyland, 
Sims & Solomon (1957) as well as by ourselves. 
Boyland et al. (1957) have found that the urine of 
rabbits and rats dosed with naphthalene contains 
an acid-labile precursor of 1-naphthylmercapturic 
acid and naphthol. We have shown by paper chro- 
matography that the administration of benzene, 
naphthalene, anthracene, fluorobenzene, chloro- 
benzene, bromobenzene and iodobenzene to animals 
is followed by the urinary excretion of acid-decom- 
posable precursors of mercapturic acids and we 
propose the name ‘premercapturic acids’ for these 
precursors. These observations have been extended 


by the radiochromatographic examination of urine 
and urine fractions containing the *S-labelled pre- 
mercapturic acids excreted following the simul- 
taneous administration to rats of naphthalene or 
bromobenzene and [**S]eystine. 

By the use of isotope dilution techniques it has 
been demonstrated that 1-naphthylpremercapturic 
acid is stable at pH 5 and is rapidly broken down 
at pH 1. Thetotal amount of 1-naphthylmercapturic 
acid liberated at pH 1, however, is less than that 
liberated under more acid conditions. Evidence 
has also been obtained that [*S]l1-naphthylpremer- 
capturic acid and [*S]p-bromophenylpremercapt- 
uric acid, when decomposed by acid, yield another 
35§-containing product in addition to the mer- 
capturic acid itself. It would appear, therefore, that 
a premercapturic acid can break down in more than 
one way. This and other observations suggest that 
premercapturic acids have properties which might 
be expected for hydroxyhydro derivatives of the 
mercapturic acids. 
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It is noteworthy that investigations similar to 
those already described have led us to the conclusion 
that benzyl chloride, when administered to animals, 
does not give rise to a premercapturic acid, but is 
excreted in the urine as the mercapturic acid 
itself. 


Pyrophosphorolysis of Cytidine Nucleotides. 
University of Oxford) 


Baddiley, Buchanan, Carss, Mathias & Sanderson 
(1956) reported the isolation from Lactobacillus 
arabinosus of two cytidine-containing nucleotides, 
cytidine diphosphate glycerol (CDP-glycerol) and 
cytidine diphosphate ribitol (CDP-ribitol). The 
present report suggests that these compounds 
undergo reversible pyrophosphorolysis in cell-free 
extracts of L. arabinosus. 

[®?P]Pyrophosphate was incubated with CDP- 
glycerol or with CDP-ribitol in the presence of Mg*+ 
and cell-free extract buffered at pH 8-0. A measure 
of the **P incorporated into the nucleotides was 
obtained as follows (Crane & Lipmann, 1953): the 
nucleotides were adsorbed on to charcoal from the 
deproteinized reaction mixture, the charcoal was 
heated in N-HCl for 10 min. at 100° and the solution 
was analysed for radioactivity. The release of *2P 
was 2-6 times more than that in zero time controls 
and controls without added nucleotide and indicated 
that a **P-containing nucleotide had been adsorbed 
on the charcoal. There was no such release of 
when [**P]Jorthophosphate replaced [%2P]pyro- 
phosphate. 

The nucleotides from a reaction mixture originally 
containing CDP-glycerol and [**P]pyrophosphate 
were adsorbed on to charcoal, eluted by 10 % (v/v) 
pyridine and co-chromatographed on paper with 
cytidine triphosphate (CTP) using the isobutyric 
acid-ammonia solvent of Krebs & Hems (1953). 
The area of the chromatogram occupied by CTP 
was radioactive. 


Oxidation-Reduction of Steroids at C-11. ByI 
Oxford) 


Many 11-oxygenated steroids behave like oxidation- 
reduction pairs in vivo (Bush, 1956), the 11-ketones 
and 11f-alcohols being readily interconvertible 
(Burton, Keutman & Waterhouse, 1953; Savard, 
Burstein, Rosenkrantz & Dorfman, 1953). Hubener, 
Fukushima & Gallagher (1956) demonstrated the 
reaction in rat-liver homogenate and suggested that 
it was specific for A‘-3-ketones, since related 3a- 
hydroxy-5f-steroids failed to react. Bush (1956), 
however, pointed out that in contrast to their 5B- 
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By D. R. D. SHaw. (Department of Biochemistry, 


These observations suggest that the following 
reactions may take place in cell-free extracts: 


CDP-glycerol + pyrophosphate + CTP 

+ glycerophosphate 
CDP.-ribitol + pyrophosphate — CTP 

+ribitol phosphate 

There is evidence to support the suggestion that 
CDP-glycerol is synthesized by a reverse reaction. 
a-Glycerophosphate was incubated with CTP, 
Mg** and buffered extract. Paper chromatography 
(n-propanol-ammonia solvent; Hanes & Isherwood, 
1949) of the nucleotides of the reaction mixture 
showed the presence of a substance, formed during 
incubation, which gave an_ ultraviolet-absorbing 
spot. The R, value of the spot was the same as that 
of the CDP-glycerol marker and on elution from the 
paper the substance showed a spectrum typical of 
a cytidine compound. 


The author wishes to acknowledge generous gifts of 
CDP-glycerol and CDP-ribitol from Professor J. Baddiley. 


REFERENCES 


Baddiley, J., Buchanan, J. G., Carss, B. & Sanderson, A. R. 
(1956). Biochem. J. 64, 599. 

Crane, R. K. & Lipmann, F, (1953). J. biol. Chem. 201, 
235. 

Hanes, C. 8. & Isherwood, F. A. (1949). Nature, Lond., 164, 
1107. 

Krebs, H. A. & Hems, R. (1953). Biochim. biophys. Acta, 12, 
172. 


.E. and V.B.Mauesu. (The Radcliffe Infirmary, 


epimers, three 3«:118-hydroxy-5«-steroids occurred 
in human urine but not their 11-oxo derivatives, 
suggesting that 3«-hydroxy-5a-steroids might also 
undergo reduction of 11-oxo groups. Hubener et al. 
(1956) did not examine 3«-hydroxy-5«-steroids. 
We have therefore examined the question in man 
by giving 50-100 mg. of various 11l-oxygenated 
steroids by mouth to male volunteers, and examin- 
ing blood and/or urinary steroids by paper 
chromatography. As expected from the results of 
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Hubener et al. (1956), no significant oxidation— 
reduction was found with the 1l-oxo- and 11£- 
hydroxy derivatives of 3«-hydroxy-5f-androstane- 
17-one (aetiocholanolone), 40-60% of precursor 
being excreted unchanged as glucuronoside. How- 
ever, 3a-hydroxy-5«-androstane-11:17-dione gave 
rise to 16mg. precursor and 5mg. of the 11f- 
hydroxy derivative. 

In most cases 118-hydroxy hormones are 2-3 
times as active as the 1l-oxo forms, but generally 
the latter are not active locally and are largely 
reduced to the 118-hydroxy form on systemic 
administration. An exception is 2«-methylcorti- 
sone which has only ca. 3; the activity of 2«- 
methylcortisol (Liddle et al. 1956). On giving 50mg. 
2au-methylcortisone, 800 ng. was excreted unchanged 
and only 80yg. as 2«-methylcortisol. Only the 
former was found in the plasma. This is in marked 
contrast with cortisone which is found almost 
entirely as cortisol in the plasma (Bush, 1956) and 


predominantly as cortisol in the urine (Burton e¢ al. 
1953). 

These results support the hypothesis that only 
1l-hydroxy forms of the adrenocortical hormones 
are active at their target sites. They further suggest 
that the steric properties of ring A, and substituents 
therein, determine the specificity of biological 
oxidation-reduction of steroid 11-oxygen functions, 
rather than the presence or absence of a A4-3-ketone 
group. 
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The Inhibition of Succinic Oxidase by High CO, Concentrations. By 8. L. Ranson, D. A. WaLKER* 
and I. D. CLarke (introduced by M. THomas). (Department of Botany, King’s College, University of 


Durham, Newcastle upon Tyne) 


Investigations into the effects of carbon dioxide on 
the metabolism of plant organs (see, for example, 
Thomas, 1925; Thomas & Ranson, 1953; Ranson, 
1953; Harrison, 1953) and on plant enzymes 
(Walker & Brown, 1957) have been extended to 
plant ‘mitochondria’. The ‘mitochondria’, isolated 
from the endosperm of germinating castor beans, 
and supplied with cofactors where necessary 
(Beevers & Walker, 1956; Walker & Beevers, 1956) 
were incubated with Krebs cycle acids in bicarbon- 
ate-CO, solutions (Umbreit, Burris & Stauffer, 1949) 
in equilibrium at pH 7 and 25° with atmospheres 
containing 0-05 % to 90% CO,. 

Paper chromatography showed that in air 
(0-05 % CO,), in the presence of a full complement of 
cofactors, citrate and oxoglutarate were rapidly 
converted into succinate, fumarate and malate. In 
CO, concentrations above 20 %, however, succinate 
accumulated and conversion to malate and fumarate 
was markedly reduced. 

In the absence of any added cofactors in air, 
succinate was converted via fumarate into malate. 
In 5 and 10% CO, the conversion proceeded at 
reduced rates. In 20% CO, and above, the con- 
sumption of succinate was rapidly inhibited. The 
conversion of fumarate to malate did not appear to 
be affected. 

It is concluded, therefore, that the succinic 
oxidase in the mitochondrial preparations is 


* T.C.I. Research Fellow. 


sensitive to CO, and rapidly inhibited in concentra- 
tions above about 20%. Such an effect may account 
in part for the accumulation of succinate in plants 
stored in atmospheres containing more than 20%, 
CO, (Ranson, 1953; Hulme, 1956) and may con- 
tribute toward the inhibition of growth (Harrison, 
1953) observed in similar concentrations. 

Since Miller & Evans (1956) have reported that 
plant cytochrome oxidase is inhibited by bicarbon- 
ate, it may be that this is the component of succinic 
oxidase which is inhibited in the experiments 
described above. This is being investigated together 
with other effects of CO, on partial reactions 
catalysed by the mitochondrial preparation. 


We are indebted to the Royal Society for a grant to one of 
us (S. L.R.). 
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The Metabolism of Deoxycorticosterone by Rabbit-liver Homogenate. By W. Taytor. (Depart. 
ment of Physiology, The Medical School, King’s College, University of Durham, Newcastle upon Tyne) 


After incubation of deoxycorticosterone (DOC) 
with rat-liver slices (Schneider, 1952) and of pro- 
gesterone with rat-liver homogenate (Taylor, 1954) 
metabolites of only the 5«-pregnane series have been 
isolated. In contrast, rabbit-liver homogenate con- 
verted progesterone to both 5a- and 58-pregnane 
compounds with the latter predominating (Taylor, 
1955). 

The metabolism of DOC by rabbit liver has now 
been investigated. A total of 0-85 g. DOC was incu- 
bated in air with 770g. rabbit-liver homogenate 
(prepared in nicotinamide solution). Treatment of 
the neutral lipid extract with Girard reagent T and 
then digitonin yielded the following fractions: 
ketonic; « (not precipitated by digitonin), 0-5 g., 
B (precipitated by digitonin), 0-04 g.; non-ketonic; 
a, 0-25 g., B, 0-04 g. 

Cholesterol was the only substance present in the 
non-ketonic-8 fraction, whereas Schneider (1952) 
isolated 5a-pregnane-3£:20é:21-triol from this frac- 
tion after incubation of DOC with rat liver. 

The main component of the £-ketonic fraction has 
been identified as 38:21-dihydroxy-5«-pregnane- 
20-one (isolated as the diacetate, m.p. 151-152°, 


[«])+87° (in CHCl,)) (Found: C, 71:8; H, 9-2, 
C,;H 3,0; requires C, 71-7; H, 9-1 %). This metabolite 
accounted for about 3 % of the added substrate. 

Paper chromatography of the ketonic-« fraction 
has indicated the presence of a number of substances 
reacting with blue tetrazolium and/or absorbing 
u.v. light. One of these substances has been 
partially characterized as 3a:21-dihydroxy-5a- 
pregnane-20-one (isolated as the diacetate, m.p. 
160—162°) and accounted for <1% of the added 
DOC. Paper chromatographic and ‘spot test’ 
evidence show the probable presence of 20¢:21- 
dihydroxy-pregn-4-ene-3-one, 21-hydroxy-5é-preg- 
nane-3:20-dione and unchanged DOC. Attempts to 
identify further these and other metabolites are 
being continued. 


I wish to thank Dr C. L. Hewett (Organon Laboratories 
Ltd.) and Dr W. Klyne for gifts of steroids. 
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Glutathione of Mammalian Blood. By HeratHer Martin and H. McIuwarn. (Department of 
Biochemistry, Institute of Psychiatry (British Postgraduate Medical Federation, University of London), 


Maudsley Hospital, S.E. 5) 


Many recent investigations of blood glutathione 
are concerned only with the reduced form of 
the compound, the presence or importance 
of the oxidized form being doubted, although 
its presence was confirmed by Bhattacharya, 
Robson & Stewart (1955). Earlier work (Bansi & 
Rohrlich, 1934; Numata, 1940) more specifically 
investigated the balance between oxidized and 
reduced forms, which has recently attracted our 
attention. 

In the present studies, the following procedure 
was adopted after various control and recovery 
experiments. Blood from the rabbit or from man 
was saturated with carbon monoxide, added to 
9 vol. 3% (w/v) sulphosalicylic acid, and the oxi- 
dized and reduced forms of glutathione determined 
by a new glyoxalase method. In this method, pre- 
incubation of yeast apoglyoxalase with the specimen 
but without methylglyoxal brought about reduction 
of the oxidized form, allowing determination of the 
total glutathione; the reduced form (GSH) was 
measured in the usual way. 

The carbon monoxide treatment preserved 


glutathione which was added to blood; in its 
absence, recovery of added GSH averaged 70 % and 
in its presence, 98 %. Mean values for arterial blood 
in one group of human specimens were: total 
glutathione, 1-10+0-17 (s.p.; 9 specimens); GSH, 
0-58 + 0-16 (s.D.; 9 specimens) and in the rabbit, 
total glutathione, 1-30 + 0-12 (s.p.; 12 specimens); 
GSH, 0-90 + 0-18 (s.p.; 12 specimens) all expressed 
as pequiv. GSH/ml. whole blood. 

Thus presence of the oxidized form of glutathione 
appears undoubted. The oxidation of reduced 
glutathione of the blood which was observed to take 
place at the brain in the rabbit (McIlwain, Martin, 
Rodnight & Tresize, 1957) has now been observed 
also in man. 
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Acidification of Buffer Solutions by Fatty Acids. By J. A. SaunprErs. (Department of Physiology, 
Medical School, King’s College, University of Durham, Newcastle upon Tyne) 


If intestinal contents, containing olive oil and 
lipase, are incubated at 37° the initial pH of 6-0-6-5 
changes to one of 5-5-6-0. This change is accom- 
panied by the liberation of oleic acid (Dowse, 
Saunders & Schofield, 1956). 

To find if long-chain fatty acid can contribute 
hydrogen ions to a solution of pH <7, oleic acid was 
shaken with buffer solutions and the mixture sub- 
sequently centrifuged and the supernatant oil 
removed. With 0-1mM-Na,HPO,/citric acid buffer 
solution, the pH changed from 6-6 to 6-2 and at the 
same time a stable emulsion of oleic acid was formed. 
Using more acid buffers, the change of pH and the 
amount of material emulsified was less, until at 
pH 4-9 both became zero. Shaking oleic acid 
with water gave a final pH of 4 and no emulsifica- 
tion. 

Citrate, phosphate, acetate and lactate solutions 
all showed a pH change and emulsification with 
oleic acid. A solution of stearic acid in benzene was 


not emulsified in water, but gave good emulsifica- 
tion in buffer solutions at pH 6-5, although a 
measurable pH change was found only with 0-01m 
buffer solutions. Benzene alone is not emulsified in 
buffer solutions. 

Titration curves of sodium oleate with hydro- 
chloric acid (Schmidt-Nielsen, 1946) and interfacial 
tension measurements (Hartridge & Peters, 1922; 
Peters, 1931) together with these observations all 
indicate that long-chain fatty acids can contribute 
hydrogen ions to aqueous solutions at a pH > 5. 
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The Preparation of Intrinsic Factor by Means of Modified Cellulose Ion-exchange Columns. 
By E. S. Hotpswortu. (National Institute for Research in Dairying, Shinfield, Reading, Berkshire) 


Many procedures for the preparation of intrinsic 
factor have used drastic steps to remove impurities, 
e.g. enzyme digestion or low pH precipitation ; hence 
isolation by adsorption on and elution from modified 
cellulose (Peterson & Sober, 1956) has been at- 
tempted. The procedure used was based on pre- 
liminary observations made by the author in 
collaboration with Dr E. A. Peterson at the 
National Institutes of Health, Bethesda, U.S.A. 
60g. Bendogen (crude intrinsic factor, G.E.A. 
Copenhagen) in 21. 0-015m-sodium phosphate 
buffer, pH 6-9, was labelled with 1 yg. Co vitamin 
B,, (2c) and stirred into a suspension of 60 g. 
DEAE-cellulose (Peterson & Sober, 1956) in the 
same buffer. The cellulose was separated and 
washed four times with 1 1. of 0-015 buffer, pH 6-9. 
The intrinsic factor and vitamin B,,-binding 
activity were then eluted with four 500 ml. portions 
of 0-1m-NaCl. After dialysis the material was 
obtained by freeze drying: yield 3-6 g., 1 mg. of 
which bound 3,yg. B,. (original material, 1 mg. 
bound 0-2 yg. B,,). The substance was then dissolved 
in and equilibrated with 0-005 Mm-sodium phosphate 
buffer, pH 6-9. This solution was chromatographed 
on a column of DEAE-cellulose (4 x 50 cm.) using 


gradient elution, gradually reducing the pH to 5-9. 
The peak containing both intrinsic factor and 
vitamin B,,-binding activity was separated from 
other proteins and a small amount of similar binding 
material. Further purification was obtained on 
carboxymethylcellulose at pH 4, using a gradient of 
increasing pH for elution. The material was treated 
on two further columns, DEAE-cellulose at pH 5-9 
(0:005m-sodium phosphate) using increasing ionic 
strength for elution and finally on carboxymethyl 
cellulose. 

The substance obtained sedimented as a single 
symmetrical peak in the ultracentrifuge Sy), = 3-68; 
contained 10-3% N; and 1 mg. of the material 
would combine with 15 yg. of vitamin B,, to form a 
stable complex. Dr D. A. Mollin (Postgraduate 
Medical School of London) has kindly tested this 
material and found that it was highly active in 
promoting vitamin B,, absorption in patients with 
pernicious anaemia. 
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The Biosynthesis of Fatty Acids by Human Red Blood Cells. By A. T. James, J. E. LovEtocg 
and J. WEBB. (National Institute for Medical Research, Mill Hill, London, N.W. 7) 


Human blood, collected into ACD anticoagulant, 
was incubated at 37° with [C]acetate. After 
incubation the following lipid fractions were 
separated—the phospholipids, the acetone-soluble 
lipids and the free cholesterol of both the red 
cells and the plasma lipoproteins. The specific 
activity of these and their fatty acid moieties were 
measured. 

After 3 hr. incubation the specific activities of the 
phospholipids of the red cell and of the plasma 
lipoproteins reached a steady level, corresponding 
to an incorporation of 1% of the added acetate. 
Most of the activity of the phospholipids was 
recovered from their fatty acid moieties. The 
specific activities of the saturated and mono- 
unsaturated acid moieties of the phospholipids were 
of the same order in the red cells and in the plasma 
« and £ lipoproteins. A similar rapid exchange of 
free cholesterol was observed. Although present in 
only small quantities, the neutral fat of the red cell 
was highly labelled with a specific activity ten to 
twenty times greater than that of the phospho- 
lipids. Even higher activity was found in the « 


lipoprotein neutral fat, but little or no labelling even 
after 30 hr. incubation occurred with the 8 lipo. 
protein neutral fat. Unlike the phospholipid fatty 
acids, the individual acids of the « lipoprotein 
neutral fat had different specific activities from 
those of the red cell neutral fat. In the « lipoprotein 
the short-chain acids were the more active. 

In other experiments fresh red cells were incu- 
bated with plasma previously labelled in the manner 
just described. These experiments confirmed that 
there was a free exchange of phospholipids and 
cholesterol between the red cell and the plasma 
lipoproteins, but suggested that the traffic of 
neutral fat from the red cell to the plasma « lipo- 
protein was in one direction only. The high rate of 
incorporation of activity into the plasma neutral fat 
suggests that the red cell may be an important 
source of this lipid in the plasma. 

Linoleic and arachidonic acid isolated from all 
fractions of both the red cells and the plasma were 
found to contain the “C label. Degradation of 
these acids confirmed their structural identities and 
showed that the labelling was uniformly distributed. 


Photo-sensitivity of Serum Bilirubin. By R. J. Cremer, P. W. Perryman, D. H. Ricwarps and 
BrENDA HOLBROOK. (Group Biochemistry Department, The General Hospital, Rochford, Essex) 


During serial bilirubin measurements made in 
infants suffering from neo-natal jaundice it was 
found that some fluctuations were due to destruc- 
tion of bilirubin in the interval between taking the 
blood and carrying out the estimation. This possible 
source of error seems to have received little previous 
attention although the slow oxidation of bilirubin 
in solution is well known. 

Icteric sera were exposed to daylight, sunlight, 
u.v. and artificial light, and bilirubin measured at 
intervals. The rate of decay of bilirubin was found 
to be rapid and was accompanied by increase in 
light absorption in the region of 680 my due to 
formation of biliverdin. Confirmation of a photo- 
oxidative action was given by a simultaneous 
increase in oxidation-reduction potential measured 
electrically. Using a paper-chromatographic separ- 
ation of bilirubin-biliverdin it was found that even 
when run in nitrogen a rapid oxidation of bilirubin 
occurred in daylight which was absent when run in 
the dark. 


‘Bilirubin’ of serum has been found to be about 
three times as photo-sensitive as the bilirubin 
glycuronides—formerly called ‘direct-acting’ bili- 
rubin. 

It is recommended that in cases of neo-natal 
jaundice bilirubin measurement should be made 
within 20 min. of taking the blood samples from the 
infant. 

Evidence for the reduction of circulating bilirubin 
level in some cases of neo-natal jaundice by exposing 
these infants to sunlight is presented. Possible 
implications of this in connexion with kernicterus 
(Lathe, 1954), in the light of present knowledge of 
the toxicity of bilirubin as compared with biliverdin 
(Day, 1956; Zetterstr6ém & Ernster, 1956) are being 
pursued. 
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Simultaneous Micro-determination of Serum Bilirubin and of Serum ‘Haem-pigments’. By 
Pp. W. Perryman, D. H. Ricuarps and BrenpA HoLBRooK. (Group Biochemistry Department, The 


General Hospital, Rochford, Essex) 


For serial measurements of jaundice of the newborn 
maximum information from minimal blood samples 
is desirable. Of methods for serum bilirubin estima- 
tion the procedures of Malloy & Evelyn (1937), 
suitably modified as by Laurence & Abbott (1956), 
are common. Slowness of colour development, occa- 
sional turbidity and doubt as to the validity of 
‘blank’ values recommended by some workers 
caused us to re-examine the original King & Coxon 
(1950) procedure. 

It has been found that the inherent error due to 
adsorption of pigment in the protein precipitate is 
negligible if concentration of serum be reduced from 
1/10 to 1/100 final dilution. At this high dilution 
there remains ample colour for measurements if a 
transistor-amplifier coupled to a simple photo- 
electric absorptiometer is employed (Perryman & 
Richards, 1956). Speed of colour development and 
final stability is ensured first by addition of 1-0 ml. 
of 15% ammonium sulphamate to the Van den 
Bergh reagent, and secondly by addition of sodium 
azide immediately before filtration (Patterson, 
Swale & Maggs, 1952). Tuttle (1955) has shown that 
in erythroblastosis traces of other haem-pigments 
in the sera may be significant; these, and any 
products of haemolysis incidental to obtaining the 
blood specimens, affect the final measurement of 
azo-bilirubin colour. From an examination of the 
absorption curves of our final solutions, a simple 
correction formula for obtaining the true extinction 
value has been devised. A second formula enables 
the approximate amount of ‘haem-pigment’ to be 
measured. 


Reagents and methyl-red standard: as in King & 
Coxon (1950), but diazo-reagent modified as 
mentioned. 

Method. 0-1 ml. of serum is added to 0-9 ml. of 
physiological saline. 0-5 ml. of diazo-reagent is 
added. 0-5 ml. of saturated ammonium sulphate is 
added, followed by 8-0 ml. of 85 % ethanol and the 
mixture shaken vigorously. After standing for 
5 min. a few crystals of sodium azide are added and 
the mixture filtered. Extinctions are read against 
water at 425 my (Ilford 601= E,,) and at 530 mu 
(Ilford 604=,,). The methyl-red standard at 
530 mp is equivalent to 40 mg. bilirubin/100 ml. 
serum. Then the extinction of 
Egos X 2°4— Ego, 

1:8 
and hence the bilirubin is calculated. Extinction of 
‘haem-pigments’ can be calculated as 
E=1-33 (Ego, — 0-6 x Ego) 
and E x 4-6 gives the approximate value for these 
pigments in g./100 ml. serum. 


azo-bilirubin = 
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The Effect of the Flow and pH of Saliva on the Metabolism and pH of the Bacterial Film on Tooth 
Surfaces. By I. KLernsere (introduced by G. N. Jenkins). (Department of Physiology, The Medical 
School, King’s College, University of Durham, Newcastle upon Tyne) 


The bacterial films found on tooth surfaces (dental 
plaques) have a high concentration of bacterial cells 
in some form of matrix. Some of these bacteria 
decompose protein or protein degradation products 
to give substances such as ammonia, while others 
break down carbohydrate anaerobically to give 
lactic acid. One may, therefore, suppose that the 
relative supply of carbohydrate and protein to 
these plaques determines to a large extent whether 
proteolytic or glycolytic organisms predominate. 
Since saliva supplies little substrate for the acid- 
producing organisms (which are dependent on food 
residue), but is a relatively good source of substrate 
for the alkali-producing organisms, then plaque 


areas receiving a greater supply of saliva relative to 
others, should favour the latter organisms. 

To test this hypothesis, the ranges of pH in 
plaques on the anterior teeth of the upper and lower 
jaws were determined in twenty-nine subjects 
using antimony microelectrodes. Because of the 
positions of the salivary duct openings, the upper 
anterior teeth receive a poorer supply of saliva than 
the corresponding teeth in the lower jaw. The upper 
pH values (pH maxima) for the various plaque 
areas were determined in fasting subjects (at least 
12 hr. after meals, all carbohydrate residues being 
by then eliminated). The lower pH values (pH 
minima) were then determined by applying white 
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bread to the same areas for at least 10 min. (Jenkins 
& Kleinberg, 1956). To enable a comparison between 
individuals the resting saliva flow and the pH at the 
salivary duct openings were also determined. 
Subjects with faster resting salivary flow showed 
higher saliva pH values (cf. Ericsson, 1949) and for 
comparable plaque areas, higher pH maxima and 
PH minima. In the same individual, the plaques in 
the lower jaw almost invariably showed higher pH 
maxima and pH minima than areas in the upper 
jaw. The higher pH values in faster secretors are not 
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due to a more alkaline saliva because (a) fasting pH 
values for all areas were higher than the pH of the 
saliva ‘washing’ them, and (b) the saliva is excluded 
by the bread before the pH minima are determined, 
pH maxima and minima therefore depend pre. 
dominately on ‘plaque metabolism’. 
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DEMONSTRATION 


Chromatographic Separation of Nucleotides. By H. G. Pontis and N. L. BLumsom (introduced by 
J. Bappitey). (Department of Chemistry, King’s College, University of Durham, Newcastle on Tyne) 


A method will be presented for the chromato- 
graphic resolution of complex mixtures of nucleo- 


tides. It is based on the use of a calcium chloride 
concave gradient for the elution. 
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: Another Sigma First — 
URIDINE DIPHOSPHO-GLUCURONIC ACID 


Uridine Diphospho-Glucuronic Acid has been shown to be involved 


™ in Glucuronide Synthesis in detoxification processes 
64, 
Also available with the Well-Known Sigma Purity 
URIDINE DIPHOSPHOACETYL GLUCOSAMINE, 
CYTIDINE DIPHOSPHOCHOLINE, 
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URIDINE DIPHOSPHOGLUCOSE, 
URIDINE DIPHOSPHOGLUCOSE OXIDASE 


GALACTOSE-1-PHOSPHATE, 


| CATALOGUE AVAILABLE ON REQUEST 
OFFERING THE WORLD’S MOST COMPLETE 
LIST OF HIGH PURITY NUCLEOTIDES 


SEND YOUR INQUIRIES TO: 


GEORGE T. GURR, LTD, 
136 & 1388 NEW KING’S ROAD, LONDON, S.W.6 


or directly to: 


SIGMA 


CHEMICAL COMPANY 


© 3500 DEKALB ST., ST LOUIS 18, MISSOURI, U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 


Biochem. Jnl. 66, 4 (i) 


ADDITIONS TO 1956 CATALOGUE 


Acetovanillone (apocynin) . 12/-H 
Acetylenediurein . . 12/-D 
Acridane (9, 10-dihydroacridine) 23/-D 
Adenine phosphate 29/-G 
Adenosine-5’-monoacetate 40/-G 


Adenosine-2’,3’-cyclic phosphate, barium 107/-d 


Adonitol /- G 
Agar-‘Ionagar "bacteriological grote 98/- K 
Agar-‘Tonagar II’* bacteriological grade 142/-K 
pL-Alanyl-Di-serine . . 16/-d 
Allyl-p-chlorphenyl] ether 48/-H 
Allyl methacrylate — 88/- K 
Amberlite IR-120 29/-K 
Amberlite TRA-400 88/- K 
2-Aminochrysene 42/-H 
4-Amino-5-cyanopyrimidine 9/-G 
6-Amino-levulinic acid HCl, methyl ester 25/-d 
2-Amino-4-methy] thiazole HCl 23/-D 
3-Amino-2-naphthoic acid 32/-H 
DL-2-Amino-octanoic acid 32/-D 
5-Amino isophthalic acid . 75/-H 
5-Aminotetrazole monohydrate 

(mp. 200° C dec.). . 75/-H 
5-Amino-1,3,4-triazole (mp. 156-159° ©). 82/-H 
3-Amino-n-valeric acid 

(CH;CH(NH,)(CH,),COOH) . 98/-D 
tertAmyl mercaptan (85%) . . 48/-K 
Anhydroenneaheptitol (70% in #.0). 13/-D 
Anthanthrone . 69/-H 
Azobenzene-p-sulphonic acid 65/- D 
1,1’-Azonaphthalene . 48/-D 
2:2’ -Azonaphthalene 25/-D 
m,m’- 32/-H 
Azulene .. 42/-G 
Batyl alcohol 

(from hydrogenated selachyl alcohol) . 9/-G 
Behenyl alcohol . . 7/-D 
2,3-Benzocarbazole (95%) 30/-D 
DL-Benzoyl-«-alanine 42/-H 
DL-€-Benzoyllysine 50/- H 
DL-Benzoylphenylalanine 27/-D 
DL-Benzoylvaline . 90/- H 
Benzyl acetone 21/-H 
Benzyl ethyl ketone 65/-H 
S-Benzyl-pL-homocysteine 43/-D 
Benzyl mercaptan 30/-H 
2,5-Bis-ethyleneimino hydroquinone 11/-G 
Bovine, Glycoprotein VD 90/-G 
Brassidic acid. . 59/-H 
Brazilin (ex brazilwood) 21/-G 
Bromoacetal (bromoacetaldehyde diethyl 

acetal) . . /-H 
o-Bromo-anisole . 39/-H 
m-Bromobenzotrifluoride 

(bp. 150-154°C) . 28/-D 
Bromo-hydroquinone 39/-H 
1-Bromo-2-naphthol 21/-D 
Bufotenin bioxalate . 54/-d 
Bulbocapnin hydrochloride 122/-D 
isoButenyl bromide 39/-D 
n-Butyl-aniline . 38/-K 
p-tert-Butyl toluene 97/-K 
isoButyronitrile 10/-H 


Butyryl thiocholine iodide ‘ 45/-G 
Caesium (metal) (5 gram ampoules) 45/-G 
Calcium-p-arabonate 8/-D 
Calcium-p-galactonate . 26/- D 
Carbamyl] phosphate, lithium is 25/-G 
Carbonic anhydrase, purified. . . 128/-d 
o-Carboxypheny! phosphate, Na; salt 49/-G 
L-Carnosine (100 mgm ampoules) 57/-d 
Cephaeline 19/-G 
Cerotinic acid 18/-d 
m-Chlorobenzaldehyde 22/-D 
2-Chlorocyclohexanone . 60/-H 
Chloro-difluoroacetic acid 

(CCIF,,COOH) 7/-D 
Chloro-hydroquinone 13/-H 
4-Chloro-indole . . 35/-G 
1-(4-Chloromercuriphenylazo)- 

_naphthol-2 A 17/-d 
2-Chloro-4-nitrobenzoic acid 10/-D 
4-Chloro-m-phenylenediamine sulphate 21/-H 
2-Chloro-p-phenylenediamine 19/-H 
6-Chloropurine 43/-d 
8-Chloroquinoline (cl=22" 8%) 55/-K 
2-Chloro-p-xylene 9/-H 
Cholesterol-5a,6~-epoxide 6/-G 
Choline pantothenate 

(25% pb-pantothenic acid activity) . 7/-D 
£-Conidendrin 17/-D 
Convallamarin 8/-G 
Coronene . 36/-d 
Cryptogenin . . 13/-G 
cyclo-Octane (octamethylene) (op. | 148° 42/-D 
cyclo-Octene (bp. 142°C)... 2/-D 
cyclo-Pentadecanolid 97/-D 
p-Cystathionine ( +1-Alllo-cystathionine) 305/-d 
DL-Cystathionine (+pt-Allo-cystathionine). 150/- d 
L-Cystathionine 295/-d 
L-Cysteine hydantoin 63/- D 
L-Cystine hydantoin 52/-D 
Cytidine-2’,3’-cyclic phosphate, barium 107/-d 
Cytisin. . . 22/-d 
Decahydr oquinoline (cis, trans mixture) 62/-H 
Decatetraenic acid 

(CH,(CH=CH),—COOH) 125/-D 
Decyl acrylate (monomer) . 59/-K 
Deoxyadenosine . . 170/-G 
Deoxycytidine hydrochloride . 198/-G 
Deoxyguanosine . . . 200/-G 
Diamine oxidase (hog kidaey). - 48/-G 
1,2-Diamine cyclohexane 16/-D 
2,7-Diaminofluorene . 58/-G 
2,3-Diaminonaphthalene 92/-H 
4,5-Diaminopyrimidine 50/-d 
Di-tertamyl] disulphide 58/- K 
Diamy] phthalate . 16/-K 
L-Dibenzoylcystine 84/-D 
1,2-Dibromo-isobutane . 10/-D 
Dibromo-difluoroethane 6/-D 
2,4-Dibromophenol 92/-H 
2,6-Dibromophenol 92/-D 
a,f-Dibromo-phenylethane . 95/-H 
2,6-Dibromopyridine 49/-D 
2,5-Dibromothiophene 56/-H 


e Trade name ‘of the British Dyewood Company Limited. 


L. LIGHT & COMPANY LIMITED 
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Koctiwe ‘tracers’ 


Several hundred isotopically labelled compounds are now produced regularly at 
Amersham. They include an unrivalled range of materials needed for tracer work in 
biology, pharmacology, medical diagnosis and therapy, and in many technical applications 
of chemical products—pesticides, weedkillers, hormones, and the like. 

Most of these substances can be supplied from stock—or in the case of short-lived 
isotopes, at reasonable notice—and their specific activity and chemical purity are generally 
the highest available today. 

Some examples from our current Carbon-14 production are: 


p-Ribose (G) Methane 

Maltose (G) p-Glucose-2-C14 

p-Sorbitol (G) pi-5-Hydroxytryptophane (31-C14) 
Creatine-1-C14 9, 10-Dimethyl-1, 2-benzanthracene-9-C14 
Orotic acid-6-C14 I, 2, §, 6-Dibenzanthracene-9-C14 
5-Hydroxytryptamine (31-C14) Progesterone-4-C14 

Adipic acid-1, 6-C14 Linolenic acid-1-C14 
pL-Phenylalanine-1-C14 2-Methyl-4-chlorophenoxy(acetic 
Sodium glycollate-1-C14 acid-1-C14) 

Sodium ssobutyrate-1-C14 Fumaric acid-2, 3-C14 

pi-Tartaric acid-1, 4-C14 Succinic acid-2, 3-C14 

Sodium p-gluconate-1-C14 Sarcosine-1-C14 

p-Glucose-6-C14 Sodium 2-ketoglutarate-5-C14 
p-Ribose-1-C14 Bromobenzene (G) 

1, 2-Benzanthracene-9-C14 Testosterone-4-C14 

Methylamine hydrochloride Cholesterol-4-C14 

Ethane-1, 2-C14 L-Histidine (2-ring-C14) 


(G) = Generally labelled 


Write for further information to:— 
THE RADIOCHEMICAL CENTRE 


AMERSHAM: BUCKINGHAMSHIRE ENGLAND 


“AS'RC 21 
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E.K. BOWMAN LTD. 


Established 1889 


32 & 34 HOLMES ROAD, KENTISH TOWN 


LONDON, N.W. 5 
Telephone: Gulliver 1653 & 1984 


* 
SPECIALISTS IN 
ANIMAL HOUSE EQUIPMENT 
CAGES & RACKING 


NEW AND LARGER WORKS NOW OPEN 


CHELSEA POLYTECHNIC 


(COLLEGE OF ADVANCED TECHNOLOGY) 
MANRESA ROAD, S.W.3 


DEPARTMENT OF CHEMISTRY 


SESSION 1957-58 


A course of 20 postgraduate lectures on ‘‘ Biochemistry ”’ 
(to be arranged in four groups) will be given by Dr 
E. M. Crook, M.Sc., A.R.I.C., and Professor F. L. 
Warren, M.A., D.Sc., on Mondays 7.15 to 8.30 p.m. 
during the period 7 October, 1957 to 17 March, 1958. 
The course is designed for students who possess a know- 
ledge of chemistry to degree standard. Fee: £2 for whole 
course or 10s. for each group. 

A leaflet giving details is obtainable from the 
Secretary. 
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PEPTONES & PROTEIN HYDROLYSATES 


BACTERIOLOGICAL PEPTONE—MYCOLOGICAL PEPTONE— 
TRYPTONE—CASEIN HYDROLYSATE (ACID) 


Details upon request 
Obtainable from Laboratory suppliers or direct from 
OXO LIMITED (Medical Department) 
16 SOUTHWARK BRIDGE ROAD, LONDON, S.E.1 
Telephone: Waterloo 4515 


Laccerol, Lactalbumin, Lactalbumin, 
Lactit acid 1, Lactic acid allyl est 


drorenase, Laetide, La 

Lanadigin, Lanatoside 

terol, Lanth Lanthanum acetate, MICROSCOPE 
ferricya te, Lant 

Lanthanu 20 000 Lauric after 
ester ter, Lau 

Laurovie rovinero DYSON 


late 
cit 


CAI 
ohthalate, Lead iodi 
Lead KI: tan 
IN STO Le 


chio 
Lepidine, Leucine OCcK 
thionine, Leucoribofl 

Levoglucosan, Levulir 
benzyl ether, Lignin 
acid, Linol 


PIONEERS IN CHEMISTRY. 


DELTA CHEMICAL WORKS, ine. 
23 West 60th St., New York 23, N. Y., U.S.A. 
Cable: DELTACHEM 


oné Simms 


“ENGLAND 
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APPARATUS 


MODEL VB/14 


This is the most convenient apparatus for 
micro-respiration work; its circular shape 
makes for ease and speed of operation and 
for economy of space. The unit is more 
compact than a rectangular bath of equal 
capacity, as it accommodates manometers 
round its entire periphery. The whole appar- 
atus can be rotated around its base, so that 
any particular manometer can be brought directly in front of the 
operator, and the apparatus can be installed in any position (in 
a corner if need be) since oniy one side need be accessible. 

The circular shape bath has proved ideal for maintaining a uniform 
temperature as there are no ‘dead spots’ to hinder circulation. 
Temperature is constant to within +0-01°C. Shaking speed and 
amplitude are adjustable, and provision has been made for secure 
and positive mounting of the manometers—no wobbling! 


SHANDON 


SHANDON SCIENTIFIC CO. LTD., 6 CROMWELL PLACE, LONDON S.W.7 


Telephone: KNightsbridge 1131 
WA2/A 
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CAROTENE 


its determination in 
biological materials 


by 
V. H. BOOTH 


Dunn Nutritional Laboratory, Cambridge 
e 


This book contains an up-to-date 

summary of the chemistry of caro- 

tene, essays on various aspects of 

sampling, extraction, measurement 

and precision, as well as detailed 
working directions 


net 


HEFFER 
CAMBRIDGE 


A New Book 


BIOCHEMICALS FOR RESEARCH 


Our range covers: 

Amino acids 

Peptides 

Peptones and proteins 

Alkanolamines and alkylamines 
Heterocyclic amines and phenylalkylamines 
Sugars, sugar alcohols and carboxylic acids 


Sterols, bile acids, bile pigments and carotenoids 


‘ Cardiac glycosides 


Purines, pyrimidines and pterins 
Vitamins and related substances 


Carcinogenic substances 


Full details available on request 


ROCHE PRODUCTS LIMITED 


15 Manchester Square. London W,1 


J.& A. CHURCHILL LTD. = 


Now available 


BIOCHEMICAL DISORDERS IN HUMAN DISEASE 
By various authors 
Edited by R. H. S. THOMPSON, M.A., D.M., and E. J. KING, M.A., Ph.D., D.Sc., F.R.I.C. 


The purpose of this book is to assemble, relate and interpret the known facts concerning biochemical 
disorders that underlie or are associated with human disease, presenting a coherent account of modern 
concepts both of diagnosis and treatment. The individual chapters are written by distinguished con- 


tributors from both sides of the Atlantic. 


BIOCHEMISTRY AND THE CENTRAL NERVOUS 
SYSTEM 


By H. McILWAIN, Ph.D., D.Sc. 
43 illustrations. 40s. 


BIOCHEMISTRY FOR MEDICAL STUDENTS 
By W. V. THORPE, M.A., Ph.D. 


121 illustrations. 90s. 


MICRO-ANALYSIS IN MEDICAL BIOCHEMISTRY 
By E. J. KING, M.A., Ph.D., D.Sc., F.R.IL.C., and I. D. P. 
WOOTTON, Ph.D., M.A., M.B., B.Chir., F.R.I.C. 
New (Third) Edition. 25 illustrations. 22s, 6d. 


PRACTICAL HAEMATOLOGY 
By J. V. DACIE, M.D., M.R.C.P. 


Second Edition. 43 illustrations. 20s. 


Sixth Edition. 48 illustrations. 217s. 6d. 
Ciba F dati 

PURINE CHEMISTRY AND BIOLOGY 

124 illustrations. 48s. 
PAPER ELECTROPHORESIS; 

74 illustrations. 35s. 
BONE STRUCTUREJAND METABOLISM 

122 illustrations. 45s. 


IONIZING RADIATIONS AND CELL METABOLISM 
43 illustrations. 45s. 


CHEMISTRY AND BIOLOGY OF PTERIDINES 


143 illustrations and Diagrams. 2s. 
PORPHYRIN BIOSYNTHESIS AND METABOLISM! 
70 illustrations. 30s 


KINETICS AND THERMODYNAMICS IN BIOCHEMISTRY 


71 illustrations. 


By H. GEOFFREY BRAY, D.Sc., and KENNETH WHITE, B.Sc., Ph.D., A.R.I.C. 


104 Gloucester Place, London, W. 1 = 
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New 
Accessories 


FOR THE SP. 500 
ULTRAVIOLET 
SPECTROPHOTOMETER 


SP.570 
CONSTANT TEMPERATURE 
CELL HOUSING 


Two standard optical cells up to 40 mm. 
light path are maintained at even temper- 
ature by circulating fluid. Stability limits 
are determined by the thermostat and cir- 
culation system used. The accessory has 
been used successfully at temperatures up 
to 65°C and (with dry air to prevent con- 
densation) at —1°C. 


PRICE — £30 (excluding circulatory equipment) 
DELIVERY — August 


SP.580 
MICROCELL ACCESSORY 


Four semi-microcells up to 40 
' mm. light path can be accom- 
modated. The capacity of the 
10 mm. microcell is 04 ml. 
approx. A range of auxiliary 
lenses and slits is built into the 
accessory which, without modi- 
, fication or dismantling, will 
_ accept the standard cell basket 
or the 10 cm. gas cells. 


PRICE—£47. 10. 0 
DELIVERY — November. 


UNICAM 


UNICAM INSTRUMENTS LTD ARBURY WORKS CAMBRIDGE 
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